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PREFACE 
Dwindling world reserves of foss i l fuels have focussed 
attention on the development of alternate source of energy and 
chemicals hence biomass has emerged as good a l ternat ive. A t y p i -
cal biomass consists of cel lulose, hemicellulose and l ignin in 4:3:3 
ra t io . Research and development on lignocellulose biocon version 
processes have evolved around two major paths i .e . chemical or 
enzymatic hydro lys is result ing in product of hydrolysate sugar 
which can subsequently be used as chemical or converted into 
energy. 
Hemicellulose is a mixture of hexose and pentose sugars 
with xylan being the most abundant component. Xylan can be 
hydrolyzed by number of organisms including fungi^ bacter ia, insects, 
* snails and plants through enzymatic route by synthesizing D-xylanases 
[E.G. 3.2.1.8] and /3-D xylosidases (E.G. 3.2.1.37). Enzymatic 
hydro lys is can have high product y ie ld wi th low byproduct forma-
tion but suffer from large pretreatment energy requirement, short 
l i f e of enzyme and high cost of carry ing out s ter i le fermentations 
for producing the enzyme. 
Thus for eff icient enzymatic hyd ro l ys i s , a strain would 
be recommended which would u t i l i ze xylan in native hemicellulose 
state. Fungi are found to penetrate and colonize the wood but 
the i r large scale cul t ivat ion is often d i f f i cu l t because of slow 
generation t ime, co-production of h igh ly viscous polymers and 
poor oxygen transfer. Besides fungi actinomycetes are also wel l 
associated wi th ' wood and i ts colonization of wood in soi l and 
marine environment is reported. Short term culture studies showed 
that members of genus Streptomyces could rap id ly colonize and 
extensively penetrate wood tissue. StrepLomyces seem to closely 
resemble the i r fungal counterparts than other cellulose degraders, 
re lat ive to bacter ia l anaerobes^ Streptomyces produce a large 
amount of extracel lu lar xylanase ac t i v i t y and offer a potential 
advantage over fungi in being prokaryote and that genetic knowledge 
and cloning technology is avai lab le, which makes them at t ract ive 
candidates for genetic manipulation. 
High enzyme yie ld ing strains have been isolated in past, 
by mutagenizing the natural isolates. With advent of recombinant 
DNA technology, i t has been possible to isolate and clone the 
genes for specif ic enzymes in multicopy vector, thereby giving 
a gene dosage effect. Transforming the bi'omass would permit 
not only a new source of energy and chemicals but would also 
permit the explorat ion of new areas which have been untouched 
t i l l now. 
Before substantial u t i l izat ion of Streptomyces for hemi-
cellulose conversion can be usefuL more has to be known about 
the way they decompose hemicellulose, the nature of enzymes i n -
volved and optimization of various steps leading to degradation. 
Since Streptomyces can be genetically manipulated proper character!-
zation of strain wi th respect to enzyme is essential for making 
a r ight choice of donor strain for isolation of genes coding for 
xylanase. 
In present work we have characterized two strains v iz . 
5. flavogriseus and S. wedmorensis in terms of optimum temperature, 
pH, thermal inact ivat ion, substrate s tabi l izat ion; effect of inh ib i tors 
and product inh ib i t i on . S.wedmorensis is found to code for xy la -
nase which is stable even in a lkal ine range of pH and temperature 
50 C. These data w i l l aid in our overa l l object ive of enhanced 
enzyme production by genetic manipulation. 
R E V I E W O F L I T E R A T U R E 
Over the past qua r te r century t he re has been ex tens ive 
research in to the h y d r o l y s i s and fe rmenta t ion of ce l l u l ose . Th is 
has inc luded not on ly the d i r e c t p roduc t ion of g lucose by ac id i c 
and enzymat ic h y d r o l y s i s and re la ted e f f o r t s to imp rove ce l lu lose 
y i e l d s f rom promis ing m i c r o b i a l species but a lso the p roduc t ion 
of so l ven ts , fue ls and s ing le c e l l p ro te i n by fe rmenta t ion . By 
contrast r e l a t i v e l y l i t l e has been done w i t h the hemice l lu loses 
that are associated w i t h ce l l u lose in i t s na tu ra l l i gnoce l lu lose 
f o r m . The enzymat ic b reakdown of l i gnoce l lu loses using ce l lu lases 
alone i s u n l i k e l y to be cost e f f e c t i v e w i thou t the concurrent use 
of xy lanases . Successful convers ion of these mate r ia l s wh i ch are 
of ten found in amounts approach ing tha t of ce l l u lose i t s e l f could 
i l l many cases determine the economic success of the ce l lu lose 
convers ion process under deve lopment . 
Xy lan i s the most abundant component of hemice l lu lose 
and is found in ha rd woods, s t r a w , corncobs and grasses in abun-
dance. Xy lan i s a P 1,A g l y c o s i d i c l i n k e d po lymer of D -xy lose , 
the a n h y d r o - D - x y l o s e un i ts a re genera l l y l i n k e d p (l-»4) ranging 
f rom 80-200 un i ts but c h a r a c t e r i s t i c v a r i a t i o n in s t r u c t u r e such 
as the ma te r i a l i s usua l ly b ranched w i t h these branches conta in ing 
v a r y i n g amounts of L -a rab ino fu ranosy l and D - x y l o , D-gluco, D-galacto-
p y r a n o s y l res idue along w i t h acetate and uron ic ac ids ( T i m e l l , 
1964; A s p i n a l l and McKay, 1958; T i m e l l , 1967; Dekker and R i cha rds , 
1976). Xylans possessing (1->3) x y l o p y r a n o s i d e bonds are found 
in mar ine algae ( T i m e l l , 1964). 
The s t ruc tu re and chemica l he terogene i ty has made researct i 
in to x y l a n u t i l i z a t i o n a d i f f i c u l t cha l lenge , w h i l e a c i d i c h y d r o l y s i s 
of x y l an i s easier (Kusakabe et^ al^., 1975) than tha t of ce l l u l ose , 
enzymat ic h y d r o l y s i s has a lso d rawn i n t e r e s t . At tempts have 
been made to ob ta in xy l ose f rom x y l a n by combinat ion of b o t h . 
SOURCE OF ENZYME 
The term hemice l lu lose was in t roduced by Schulze and 
h y d r o l y s i s of x y l a n by microorganisms was p r o b a b l y f i r s t examined 
by Hoppe-Seyler (1889) , w h i l e Sorenson in 1953 gave f i r s t ev idence 
tha t ce r ta in bac te r i a act on x y l a n to produce xy loo l i gosaccha r i des 
and D-xy lose . In nature a number of microorganisms inc lud ing 
I ungi and b a c t e r i a , i nsec ts , sna i l s and p lan ts r e a d i l y h y d r o l y / c 
the po l ysaccha r i de x y l a n by syn thes iz ing D-xy lanases ( E . G . 3 . 2 . 1 . 8 ) 
and D-xy los idases ( E . G . 3 . 2 . 1 . 3 7 ) . 
P roka ryo tes p roduc ing xy lanases main ly belong to species 
w i t h i n the genera St reptomyces and B a c i l l u s , s t r a i ns of x y l an f e r -
menting have a lso been r e p o r t e d f rom the sheep and bov ine rumen 
(Howard et al_., 1960; D e h o r i t y , 1973). 
Fungi f rom bo th Basidomycetes and Ascomycetes have been 
repo r ted to r e a d i l y h y d r o l y z e t h i s po l ysaccha r i de p r a c t i c a l l y 
a l l the s tud ies of /3 -D-xy lanases and $ - D - x y l o s i d a s e have been 
c a r r i e d out on e u k a r y o t i c microorganisms belonging to genera 
A s p e r g i l l u s , Fusar ium, Cryp tococcus , Sch i zophy l l um and T r i choderma 
wh i ch are good p roducers of e x t r a c e l l u l a r ^ -D-xy lanases (Gorbacheva 
and Rodionova, 1977; Gascoigne and Gascoigne, 1960; B i e l y , 1980; 
Paice £ i a j [ . , 1978 and Robinson, 1984). 
XYLAN DEGRADATION PATHWAY 
Xylan can be enzymat i ca l l y h y d r o l y z e d to xy l ose wh i ch 
can be conver ted to economica l ly va luab le p roduc ts such as x y l u -
lose , x y l i t o l and e thano l . Severa l t ypes of enzymes are i n v o l v e d 
in t h i s p rocess , ch ie f among these a re hyd ro l ases of t h ree c lasses: 
( i ) E x o - P - x y l a n a s e s -'. w h i c h a t tack x y l a n and x y l o o l i g o s a c c h a r i d e s 
at the non-reduc ing end a lso y i e l d i n g x y l o s e . 
( i i ) Endo-^-xy ianases (1 ,4 - j6 -D-xy lan , . x y l a n o h y d r o l a s e E. C. 3 . 2 . 1 . 8 ) -
Th i s enzyme ca ta lyzes the h y d r o l y s i s of j1 1,A x y l a n at random 
more r e a d i l y the x y l o s i d i c l i nkages near the m i d d l e of the chain 
(Nakan ish i e\^ aj^. , 1976) and longe^ o l i gosacchar ides at va r ious 
po in ts throughout the molecules. 
( i i i ) / 3 - x y l o s i d a s e s (E .G . 3 .2 .1 .37) - I t i s another impor tan t enzyme 
in x y l a n degradat ion pathway and acts on w ide range of x y l o s a c c h a -
r i d e s by s t e p - w i s e remova l of s ing le x y l o s e u n i t s . Xy los idase 
operates l i k e a t y p i c a l g l ycos idase h y d r o l y z i n g x y l o t r i o s e , x y l o -
b iose and h ighe r o l igomers but not x y l a n . Thus o l i gosacchar ides 
produced by endo - ^ D-xy lan^ses a re sub jec ted , to xy losadase act ion 
to g i v e xy lose as f i n a l p r o d u c t . 
MECHANISN\ OF XYLAN HYDROLYSIS 
Two groups have i nves t i ga ted mechanism of x y l a n h y d r o l y s i s 











































































Couriital and Joseleau (1981) found tha t an endoxylanase f rom 
Sporo t r i chum d imorphosporum a t tacked redwood xy l an to g i v e la rge 
amounts of a c i d i c sugars x y l o b i o s e ; x y l ose and < - L - a r b i n o f u r a n o s y l -
[1 -* 3] x y l o b i o s e . A less common p roduc t had L-arab inose l i n k e d 
in the same manner .at the non- reduc ing end of x y l o t r i o s e . Non-
d i a l y z a b l e p roduc ts h igh in a rab inose , rhamnose, galactose and 
uron ic ac ids accumulated du r i ng h y d r o l y s i s . Most of t h i s d i a l y z a b l e 
a c i d i c sugars contained A - 0 - m e t h y l g lucuron ic ac id a t tached to 
the 0-2 of the non- reduc ing t e rm ina l x y l o s y l res idue of x y l o t r i o s e 
and x y l o t e t r a o s e . Most of the arab inose tha t was found among 
the d i a l y z a b l e sugars was pa r t of the a c i d i c component. From 
th i s react ion pa t te rn i t appeared that xy lanase r e q u i r e d at least 
>i \ y l o t r i o s y l group fo r h y d r o l y s i s , the x y l o s y l res idue at the 
non-reduc ing end unsubs t i tu ted at 0 -2 , the cen t ra l x y l o s y l res idue 
unsubst i tu ted at 0-2 and 0-3 and the x y l o s y l res idue of the reducing 
end branched or unbranched. Cleavage occur red at the /3 ( l - ' A ) 
bond l i n k i n g the cen t ra l and reduc ing end x y l o s y l res idues . 
Coumtat (1983) separated xy lanases f rom Sporo t r ichum 
d imorphosporum by DEAE-sephadex and p r e p a r a t i v e i soe lec t ro focuss -
ing . Two enzymes w i t h PI 4 .4 and 4 .7 were brought to homogenei ty. 
A l l enzymes tested were endoxy lanases. One was i n h i b i t e d by 
xy l ob i ose w h i l e o the r was a c t i v a t e d by i t . 
The second group i nves t i ga t i ng xy lanase mechanisms was 
tha t of B i e l y , 1980. They p u r i f i e d an encbxylanase f rom the yeast 
9 
Cryptococcus albldus that had no ac t i v i t y on xylobiose, CMC or 
crys ta l l ine or treated cel lulose, but some on phenyl-/3-D-xylopyrano-
side. However, xylobiose not xylose was the predominant product 
from the later along wi th a phenolic r ing (Biely et^ a]^., 1980). 
Increase of ac t i v i t y was sigmoidal wi th increase of substrate and 
phenyl /9-D-xylobiose and phenyl ^ -D-xy lo t r iose were intermediates. 
In addit ion a lag in the reaction of the xylanases wi th phenyl 
/•^-D-xylopyranoside could be eliminated i f xylooligosaccharides 
were added. A l l of th is indicated that the f i r s t step of a r y l -
xyloside hydro lys is was the transfer of the substrate to xy lo -
oligosaccharide acceptor (B ie ly , 1980). Measurement of maximum 
rates and Michaelis constant for l inear xylooligosaccharides or 
varying lengths and bond cleavage frequencies using reducing end 
labelled substr.ates Indicated that the two subsites with strong 
af f in i t ies for the substrate wore located Iwo posil lons to el lher 
side of cleavage point (Biely e^ al^., 1981). Negative af f in i t ies 
further to the reducing side ensured that the favoured labelled 
product from substrate larger than xy lo t r iose was xylobiose. How-
ever, when xylooligosaccharide concentration increased bond cleav-
age frequency changed to favour production of large label led pro-
ducts (Biely et_ al^., 1981). This was caused by adsorption at 
V 
the act ive centre of two substrate molecules and by significant 
transfer ab i l i t y of the enzymes. \ 
Xylanases from Aspergi l lus niger appeared to have a car-
boxy l group in the act ive centre as wi th Cryptococcus albldus 
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enzyme, bond cleavage frequencies changed- wi th increasing substrate 
came to favour longer label led products (Vrsahska et^  aJ^., 1982), 
They found, however, no attack in phenyl - /5-D-xylopyranoside 
nor d id i t serve as an acceptor high concentration of short subs-
trate caused the molecule being cleaved to adhere to the enzyme 
so that the cleavage was fur ther removed from reducing end, with 
another substrate molecule also "absorbed to the remaining subsites. 
This behaviour was accompanied by formation of products larger 
than the substrate. Thus Aspergi l lus niger xylanase appears to 
have seven subsites wi th the cleavage point between 3rd and 4th 
from the reducing end. 
Recent l i terature has confirmed what was noted ear l ie r , 
many organisms produce more than one endoxylanase and endoxyla-
nascs from the same or di f ferent organisms have quite different 
substrate spec i f i c i t ies , both in the shortest xylooiigosaccharides 
they can attack and in substrate not containing xylose that are 
susceptible to hyd ro l ys i s . Different products are also formed 
wi th same endoxylanase producing mainly small molecules because 
they have few subsites or because the cleavage point is towards 
one end of subsite a r ray , others have more subsites and can attack 
only longer substrate. . I f cleavage point is towards the middle 
of the array predominant product^ w i l l be longer. As i t is shown 
in work of Cryptococcus albidus (Vrsanska et^ £l^., 1982) and 
Aspergi l lus niger (Gorbacheva and Rodionova, 1977). Transferase 
ac t i v i t y is possible in endoxylanase and i t is accompanied by 
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a change in the nature of h y d r o l y s i s p r o d u c t s . From Bac i l l us 
spec ies , a the rmos tab le xy lanase has been r e p o r t e d w i t h s i g n i -
f i can t a c t i v i t y on ce l lu lose or CMC w h i c h produced x y l o b i o s e through 
x y l o t o t r o s o w i t h a r a b i n o s y l x y l o l r i o s e and same xy l ose but no 
nrabinose f rom xy i an (Uchino and Nakane, 1981). 
Endoxylanase p u r i f i e d f rom Bac i l l us pumi lus f i r s t produced 
la rge o l i gosacchar ides and then a m i x t u r e of x y l o b i o s e through 
xylopentaose f rom x y l a n . No xy l ose or arab inose was formed the 
enzyme had t rans ferase a c t i v i t y as xy lote^raose and x y l o b i o s e were 
formed f rom x y l o t r i o s e and a m i x t u r e of xy l ose to xy lopentaose 
was obta ined f rom x y l o t e t r a o s e . The xy lanases have been p u r i f i e d 
l o homogeneity f rom B a c i l l u s s u b t i l i s ( B e r n i e r , 1983). The main 
product f rom xy l an was x y l o b i o s e w i t h t races of xy l ose and x y l o -
t r i o s e . 
Xylanases f rom a number of fungi have ben inves t iga ted 
in last few years (Takahash i and Kutsumi , 1979) and p u r i f i e d to 
c r y s t a l l i n i t y . Endoxylanase f rom Gl ioc lad ium v i r ens tha t i s h i g h l y 
a c t i v e on xy l an y i e l d s m a i n l y , x y l o b i o s e w i t h some x y l o s e , x y l o -
t r i o s e , was the smal les t o l i gosaccha r i de a t tacked by t h i s endo-
xy lanase to g i v e l a rge l y x y l o b i o s e w h i c h suggested tha t t r ans fe r 
a c t i v i t y must have been p resen t . There was weak a c t i v i t y on 
CMC, ce l l u lose and starchy of t h r e e xy lanases f rom Talaromyces 
byssachamydo ides . One produced a m i x t u r e of glucose arab inose 
and a la rge r o l i gosacchar ides f rom x y l a n w h i l e the o the r two y i e l d e d 
main ly xy lose and x y l o b i o s e (Yosh ioka et a l . , 4981 ) . 
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A xylanase from Trichosporon cutaneum in i t i a l l y yielded 
xylobiose, xy lo t r iose and xylotetraose from xylan and eventually 
xylose, xylobiose and xy lo t r iose (Stuttzen and Sahm, 1982). No 
arabinose was found. 
GROWTH CONDITIONS 
For production of desired enzyme the appropr ia le micro-
organism is cul t ivated in suitable medium at an appropr iate environ-
mental conditions of pH, temperature, oxygeip-tension e tc . , for a 
def ini te time per iod. Culture conditions exert signif icant influence 
on physiology and metabolism of microbes for the i r synthesizing 
capacity. In order to maximize production of a part icular protein, 
manipulation of culture conditions is very essential. The culture 
reqLiirement and conditions vary depending on the nature of organism 
which produces the xy lanolyt ic enzymes. The cul t ivat ion conditions 
of some important xylanase producing microorganisms and thei r 
y ields are l is ted in Table I . 
I t is important to note that culture growth period is an 
important factor in provid ing an optimum y ie ld and product iv i ty 
of enzyme. Thus proper assessment of cul t ivat ion time and the 
conditions of harvesting the cel l on a large scale is essential to 
get high production. 
EXTRACTION AND PURIFICATION 
After cul t ivat ion of the desired strain for a def in i te time 
period the extracel lu lar enzyme fract ion is collected by pelleting 
13 
the ce l l s at 10,000 g f o r 7 minutes. Xylanase a c t i v i t y i s assumed 
to be e x t r a c e l l u l a r as known fo r p o l y s a c c h a r i d e degrad ing enzymes. 
/3 -xy los idase a c t i v i t y i s , usua l l y c e l l bound (Roncero, 1983) 
hence for i n t r a c e l l u l a r f r a c t i o n p r e p a r a t i o n , e x t r a c t i o n steps inc lude 
(a) c e l l l y s i s (b ) removal of c e l l d e b r i s to g i v e c lea r c e l l e x t r a c t . 
Fo l low ing techniques have been employed fo r c e l l l y s i s 
(1) Osmotic shock of Spherop las t p repa red by l ysozyme. 
(2) Exp los ion decompression in French p r e s s . 
(3) Mechanical g r i n d i n g w i t h alumina or g lass beads. 
(A) Sonicat ion. 
(5) Freezing and thawing 
Sonicat ion is most w i d e l y used. Temperature du r ing son ica-
t ion was never p e r m i t t e d to go beyond 10 C. The degree of c e l l 
l y s i s is moni tored e i t h e r by mic roscop ic observa t ions or sometimes 
by absorbance at 280 nm (Greene et^ a j^ . , 1978). A f te r sonicat ion 
c e l l d e b r i s and subce l l u l a r ma te r i a l s are removed by cen t r i f uga t ion 
at 10,000g fo r 30 m in , the supernatant i s used as i n t r a c e l l u l a r enzyme 
f r a c t i o n . I t has been concluded tha t j i - x y l o s i d a s e i s c e l l assoc i -
ated and p r o b a b l y membrane associated (Deleyn and Claeyssen, 1978). 
The e x t r a c e l l u l a r c u l t u r e f i l t r a t e and the c e l l e x t r ac t have 
been used as source of endoxylanase and x y l o s i d a s e fo r f u r t h e r 
p u r i f i c a t i o n . T y p i c a l s teps f o l l owed in extraction procedure are 
i l l u s t a t e d in Tab le I I . 
P u r i f i c a t i o n of enzyme inc ludes p ro te i n p r e c i p i t a t i o n using 
s p e c i f i c reagents l i k e ammonium su lpha te , po l ym in P e t c . , d i a l y s i s 
14 
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STEPS INVOLVED IN EXTRACTION OF INTRACELLULAR 
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Table No. I I : Major process steps used in pur i f icat ion of new 
xylanases 
Organism Sequence of steps during 






DEAE Biogel A 
i 
Fraction I has xylanase 
+ xylosidase ac t i v i t y i 
Biogel A 
eluted wi th 
NaCl gradient 
Fraction concentrated by 
u l t ra f i l t ra t i on 
Sephadex S-300 column 
Two enzymes not separated 
Estesban et^ a l . 
(1^82) 




p l - 4.7 
Bacillus 
subt i l i s 
CRUDE PREPARATION 
I 
Ethanol precip i tat ion 
1 




Puri f ied enzyme (Endoxyianase) 





Culture f lu id 
(NH,)^SO, fractionation 4 2 A . 
Panbangred e^ a l . 
(1983) 




Puri f ied enzyme (Endoxylanase) 
Clostridium 
acetobutylicum 










Eluted in NaCl 
gradient 
\ 




(Xylanase separated from arabinofuranosidase 





wi th 1% Tr i ton X-100 
Minor 
25% of peak A xylanase 
Xylanase freed from detergent by 
chromatography and hydroxy lapat i te 





l-usai-kmi Frac t iona t ion of cu l t u re medium 
rosoum d i a l y s e d so lu t ion freeze d r i e d 
(1A gm) shaken w i t h water and 




(4 .2 gm) 
Supernatant ethanol 
added to g i v e 25% 
concent ra t ion 
cen t r i f uged 
pp t B 
(0 .2 gm) 
If 
Supernatant ethanol 
added to g i v e 40% 
concentrat ion 
ppt C 
(4 .10 gm) 
1% w / v suspension in water 
cen t r i f uged 
Supernatant concent-
ra ted and f reeze d r i e d 
f r a c t i o n D (5 .3 gm) 
y 
pp t E 
(0 .1 gm) 
Supernatant e thanol 
added to g i v e 45.5% 
concent ra t ion 
Cent r i fuged 
I 
ppt F 
(0 .5 gm) 
Supernatant con-
cent ra ted x y l a -
nase a c t i v i t y 
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against suitable buffers and several column chromatographic steps 
involving gel f i l t r a t i on , ion exchange and af f in i ty chromatography. 
LOCALIZATION AND NATURE 
Xylanase is largely found in the extracel lu lar fraction 
of culture whereas M -xylosidase is mainly detected in the in t ra -
cel lular preparations. Xylanase is an adaptive or inducible enzyme 
produced only when grown in medium containing xylan or related 
polysaccharide. Xylosidase is also an inducible enzyme but i t 
is produced not only when xylobiose is substrate but also during 
growth on polysaccharides th is enzyme could attack oligosaccharides 
higher than hexaose and i t is infact able to release xylose from 
mixed oligosaccharides but does not act on xy lan. 
The hemicellulases of fungi occur both int ra and ex t ra-
ce l lu lar ly although i t has befen shown (Bose and Sarkar, 1937) that 
some fungi produce more in surroundings than wi th in the ce l ls . 
I t is seen in Streptomyces flavogriseus (Ishaque and Kluepfel, 
1981) that considerable amount of xylanase was produced when grown 
on xyian containing medium, comparatively lower y ie lds of th is 
enzyme were obtained when^ avicel served as main carbon source. 
/3-xylosidase was synthesized in t race l lu lar ly and appeared less 
dependent on fermentation substrate, i t was produced uniformly 
on a l l substrates reaching optimal level at 72 h r . An accelerated 
production occurred on xylan containing substrate suggesting a certain 
i n i t i a l induction of enzyme. This contrasts with some reports con-
cerning fi -D-xylanases in eukaryotic organisms (Manners and Mi tche l l , 
26 
1967) have demonstrated the c o n s t i t u t i v e nature of the enzymes 
wh ich are syn thes ized even i f glucose i s used as carbon source. 
Xyianase was repo r ted to be formed c o n s t i t u t i v e l y in C los t r i d i um 
s te rco ra r ium (Berenger e^ al^. j 1985). 
At the same t ime the fact tha t x y l a n the natura l subs t ra te , 
is the best c a r b o h y d r a t e fo r 6 -D -xy lanase p roduc t ion i s in agreement 
w i t h the resu l t s p u b l i s h e d by Nakan ish i et^ a}^. (1970) . I t was 
repo r ted that x y l a n i s the best in(|Jucer of / 3 - D - x y l a n a s e a c t i v i t y 
e x h i b i t i n g h ighe r induc t ion power than x y l o o l i g o s a c c h a r i d e s . 
In case of St reptomyces s p . 3137 (Maru i et^ a]^. , 1985) t h i s 
organism d i d not produce xy ianase when grown in medium contain ing 
glucose as sole carbon source. However , a d d i t i o n of x y l a n to the 
medium s t imu la ted xy ianase p roduc t ion wh i ch was dependent on con-
cent ra t ion of x y l an in medium. The a d d i t i o n of n i t rogenous substances 
such as peptone when used together w i t h x y l a n improved xy ianase 
p roduc t i on . 
Xylanases are genera l l y q u i t e smal l p ro te ins ranging f rom 
15,000 to 30,000 da l ton a l though h i ghe r molecular weight xy lanases 
have occas iona l ly been i s o l a t e d . Xylanases appear to represent 
an isoenzyme sys tem. Three t ypes of xy lanases induced by m e t h y l -
P - x y l o s i d e have been p u r i f i e d f rom Streptomyces s p . (Maru i et 
a l . , 1985), Bac i l l us c i r cu lans secretes 2 endo 1 , 4 - ' ^ -D -xy l anase 
(Okazaki et_ al^. , 1984), Schizoph.y l lum commune produces severa l 
xy lanases (Paice et_ a]^., 1978), t h ree endo 1,4 xy lanases have been 
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i so la ted f rom A s p e r g i l l u s n iger (Gorbachova and Rodionova, 1977), 
C los t r i d i um ace tobu ty l i cum (Lee et £ l_ . , 1987) produces 2 e n d o x y l a -
nases. These are the examples of some xy lanases wh ich represent 
the isozyme sys tem. 
Endoxylanases w i t h a c t i v i t y against ce l l u lose are found 
among p roka ryo tes e . g . Bac i l l us ac idoca lda r i us (Uchino and Nakane, 
1981) and in eukaryo tes e . g . T r i chode rma reese i ( B a i e l y , 1985). 
The m u l t i p l i c i t y of enzymes in microorganisms could a r i se 
from pos t - t r ans l a t i ona l process ing such as p r o t e o l y s i s or g l y c o s y l a t i o n , 
no ant igenic s i m i l a r i t y suggests tha t they are encoded by two sepa-
ra ted genes (Lee ei^ ^->' 1987). 
Berenger e^ £l^ (1985) showed tha t ca tabo l i c rep ress ion 
of xy lanase syn thes is occur red when glucose and o the r r e a d i l y meta-
b o l i z a b l e subs t ra tes were added du r ing g r o w t h . The resu l t s show 
tha t xy lanase b i osyn thes i s s topped when g lucose, x y l o s e , lactose 
and ce l l ob iose were added du r i ng g rowth on ce l l u lose and resumed 
a f te r dep le t i on of these sugars . T h i s rep ress ion i s a lso shown 
to e x i s t in o ther ce l l u lose degrad ing bac te r i a (Stu tzenberger , 1971). 
Endoxylanases w i t h a c t i v i t y against ce l l u lose have h ighe r 
spec i f i c a c t i v i t y on ce l l u lose wh i ch can be a t t r i b u t e d e i t h e r to 
absence of some repress ion on ce l l u lose cu l tu res or to presence 
of some i n h i b i t o r y compounds in x y l a n l i k e h igh concentrat ion of 
xy l ose or x y l o d e x t r i n s produced in cu l tu res by h y d r o l y s i s of s o l u b l e -
28 
x y l a n , l a r c h ( X y l a n , \IJSA) has been reporLed to contain po lypheno l 
res idue t h i s could be the o the r p o s s i b i l i t y f o r ca tabo l i c r ep ress ion . 
ASSAY OF XYLANASE 
Assay method: Enzyme assays . were c a r r i e d out by incubat ing the 
e iy ' ^ne sample w i t h subs t ra te p repa red in su i t ab le bu f fe r fo r 30 
m in . The reduc ing sugar re leased f rom subs t ra te was e i t h e r measured 
accord ing to M i l l e r et^ aJ .^ (1960) or by Somogyi (1952) (as ind ica ted 
by A s h w e l , 1957) r e f e r r i n g the ' read ing to xy l ose as the s tanda rd , n-
n i t r opheno l re leased f rom p - n i t r o p h e n y l / 5 - D - x y l o p y r a n o s i d e (PNPX) 
is evaluated s p e c t r o p h o t o m e t r i c a l l y (Notar io e^ ^ - , 1976). fo r x y l o s i -
dase assay. 
UNIT DEFINITION 
A convent ional un i t to de f ine the a c t i v i t y of enzyme is 
the amount of enzyme tha t ca ta lyzes the re lease of umole of reduc ing 
sugar as xy lose f rom subs t ra te per m i l l i l i t r e per minute at the 
opt imum tempera tu re . 
When t e s t i n g / 3 - x y l o s i d a s e a c t i v i t y , the enzyme uni t c o r r e s -
ponded to the amount of the enzyme, tha t re leased umole of p - n i t r o -
phenol f rom PNPX under the same cond i t i ons . 
PHYSICO-CHEMICAL PROPERTIES 
Xylanase enzymes are not so w e l l cha rac te r i zed in terms 
of phys i co - chem ica l p r o p e r t i e s t h i s i s because more a t ten t ion has 
been d i v e r t e d towards . t h e i r a p p l i c a t i o n r a t h e r than enzymology. 
E f f o r t s have , however , been made to e x p l a i n t he s t r uc tu re and 
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mechanism of act ion of few xy lanases ; such as xy lanases from Bac i l l us 
p u m i l l u s , Streptomyces l i v i d a n s e t c . , enzyme k i n e t i c s and p r o p e r -
t ies l i k e i s o e l e c t r i c po in t ( p i ) , m ichae l i s mentenconstant (Km) , 
molar ex t i nc t i on coe f f i c ien t and aminoacid compos i t ion are a v a i l a b l e 
for/ few enzymes o n l y . Some of the common phys i co - chem ica l p r o p e r -
t ies-"^uch as pH and tempera tu re op t ima in r e l a t i on to a c t i v i t y and 
s t a b i l i t y and molecular we igh t f o r some xy lanases are summarised 
in Table No. IV . 
(a) pH and temperature optima and s tab i l i t y 
Optimum pH for a c t i v i t y of most of the xy lanases i s s l i g h t l y 
towards ac id i c s ide around 5-7 w i t h a maximum value of 3 .3-4 fo r 
Pen i c i l i i um wor tmani (Deleyen and Claeyssens, 1978) and minimum 
7, seve ra l xy lanases a re found to be s tab le ove r a w ide range 
of pH e . g . A s p e r g i l l u s n iger (Garbachova and Radionova, 1977). 
A l k a l o p h i i i c Bac i l l us s p . s t r a i n C-125 i s r e p o r t e d to produce two 
types of xy lanases one hav ing an opt imum pH 7.0 and o ther has 
a ve ry broad pH range f rom 5-11 (Honda et^ ail_., 1985). Xylanase 
enzymes of mesoph i l i c o r i g i n have a tempera tu re op t ima ranging 
f rom 40 to 65 C w h i l e tha t of t h e r m o p h i l i c o r i g i n have a temper -
a ture op t ima 80 C obta ined f rom Bac i l l us s tea ro the rmoph i l us (Sandhu 
and Kennedy, 1984) another e . g . of t he rmos tab le xy lanase w i t h h igh 
degree of x y l an degradat ion i s C l o s t r i d i u m s t e r c o r a r i u m . 
( b ) Km and p i 
The values of p i have been r e p o r t e d f o r xy lanases ranging 
f rom 4 .45-10.26, h igh i s o e l e c t r i c po in t i s found fo r s e v e r a l / ^ - x y l a -
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nases e.g. Trichoderma pseudokoningii has pi value of 9.6 (Baker 
et a l . , 1977 ), for Streptdmyces sp. 3137 (Marui, 1985) p i is re -
ported to be 10.26. Km value for some xylanases is summarized 
in Table No. 4. 
(c) ^ Amino acid composition and molecular weight 
Xylanases are generally quite small proteins ranging from 
15000-30,000 daltons although higher molecular weight xylanases 
have occasionally been isolated (Gorbachova and Radionova, 1977) 
isolated an endo /"J 1,4 xylanase of molecular weight 25,000 dalton 
from Aspergi l lus niger, Paice et^ al^, (1978) reported an endo /? -
D-xylanase from Schizophyllum commune which has molecular weight 
of 15,000-22,000, whereas Esteban et aj^. (1982) reported an endo 
l^-D-xylanase from Bacil lus circulans Wl-12 wi th molecular wieght 
85,000 daltons which is very .close to molecular weight reported 
for ;2> -D-xylosidase. Deleyn _et^  al^. (1978) reported a value of 
100,000 dalton for p -D-xy los idase isolated from Penici l l ium wortmanni. 
Several xylanases have • been characterized in terms of 
the i r amino acid composition e.g. xylanase from Bacil lus pumillus 
contains 18 amino acids (Table I I I ) with aspart ic acid and glycine 
contributing the highest fract ion and half cysteine contributing the 
minimum (Panbangred e^ al^., 1983). Nakajima (1984) described 
amino acid composition for xylanase isolated from Streptomyces 
sp. KT-23. Amino acid composition of few xylanases are l is ted 
in Table I I I . 
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fable I I I : Amino acid composition of Bacil lus pumil lus. 
(Panbangred et a l . , 1983). 




Hist idine 4 
Arginine 7 
Aspartic acid 21 
Threonine 16 
Serine 17 








Leunine - 8 
Tyrosine 9 
Phenyl alanine 7 
Total amino acid 185) 
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Amino ac id compos i t ion of Bac i l l us s u b t i l i s 
(Be rn ie r et a l . , 1983) 
Amino ac id No. of res idues Closest range 
Aspa r t i c ac id 30.85 31 
Cyst ine 4.18 - 4 
Threonine 25.79 26 
Serine 34.63 35 
Glutamic ac id 17.83 18 
Pro l ine 16.70 17 
Glyc ine 53.77 54 
Alanine 22.11 22 
Val ine 13.81 14 
Isoleunine 9.13 9 
Leunine 10.00 10 
Ty ros ine 12.58 13 
Pheny la lan ine , 3 . 1 6 3 
H i s t i d i n e 5.93 6 
Tys ine 14.36 14 
Arg in ine 9.54 10 
Meth ionine 3.14 3 
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Amino ac id compos i t ion of S c h i p h y l l u m commune 
(Paice et^  al^--, 1978) 
Amino ac id No. of res idues Closest in teger 
A s p a r t i c ac id 31.58 32 
Threonine ^ 29.68 30 
Serine 37.52 38 
Glutamic ac id 19.03 19 
Pro l i ne 13.74 14 
Glyc ine 47.00 47 
Alanine 20.92 21 
VnliiH^ 14.40 14 
Meth ionine 1.44 2 
Isoleucine 11.60 12 
Leucine 11.00 11 
Ty ros ine 23.02 23 
Pheny la lan ine 4.96 5 
H i s t i d i n e 4.14 4 
Lys ine 7.12 7 
Arg in ine 5.81 6 
Half cys t i ne 3.95 4 
T r yp tophan 8.50 9 
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Amino ac id compos i t ion of StrepLomyces KT-23 
(NakcJJima e;^  ^ . , 1984) 
Amino ac id umol/mg 
A s p a r t i c ac id 0.773 
Threonine 0.436 
Serine 1.425 
Glutamic ac id 1.214 
Glyc ine 1.327 
Alanine . 0.734 
Half cys t ine 0.049 
Val ine 0.389 
Iso leucine 0.224 
Leucine 0.352 
Ty ros ine 0.097 
Pheny la lan ine 0.166 
Lys ine 0.253 
H i s t i d i n e 0.252 
Arg in ine 0.203 
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STABILIZATION OF ENZYME AGAINST THERMAL INACTIVATION 
For techno log ica l a p p l i c a t i o n s enzymes shou ld be s tab le 
under opera t iona l cond i t ions f o r a length of t i m e . Enzyme i n a c t i -
va t ion is caused due to number of f ac to rs such as heat , p ro teases, 
oxygen, ac id i c and a l k a l i n e pH and denatur ing reagents. From the 
p r a c t i c a l s tandpoin t t he rma l i n a c t i v a t i o n i s by f a r the most i m p o r -
tant mode of enzyme i n a c t i v a t i o n , as the name i m p l i e s , t h i s t y p e 
of i nac t i va t i on takes p lace at e leva ted tempera tu re . The quest ion 
wh ich can be posed i s "why do we want to use enzymes at e levated 
temperatures to begin w i t h? There a re seve ra l advantages in using 
an enzyme at h i ghe r tempera ture such as -
(1) The rates of enzymat ic (as w e l l as most chemica l ) react ions 
are genera l l y acce lera ted upon hea t ing . Hence the use of 
h igh lemperatures would be economica l ly advantageous. 
(2) Fligh temperatures in enzyme react ions g rea t l y reduce the l i k o l y -
hood of b a c t e r i a l contaminat ion . Such contaminat ion can resu l t 
in var ious de le te r ious e f fec ts e.g^ the re lease of enzyme d e -
grad ing pro teases, p lugging of f i l t e r s e t c . Th i s prob lem is 
p a r t i c u l a r l y severe in food process ing opera t ions wh ich are 
c a r r i e d out above 60 C. 
(3) From the p r o d u c t i v i t y s tandpo in t i t i s of ten d e s i r a b l e to d i -
sso lve as much subs t ra te as p o s s i b l e . S o l u b i l i t y of most 
subst ra tes increases w i t h tempera tu re . 
Thus these fac to rs necessi ta te the use of thermostab le 
enzyme. 
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Mechafiism of thermal inactivation 
T h e r e i s s t i l l much u n c e r t a i n t y a b o u t t h e m e c h a n i s m o f 
t h e r m a l i n a c t i v a t i o n o f e n z y m e s , h o w e v e r , some p a t h w a y s a p p e a r 
to be w e l l e s t a b l i s h e d . T h e f i r s t c r u c i a l s t e p i n e n z y m e i n a c t i v a -
t i o n i s p a r t i a l u n f o l d i n g o f t h e m o l e c u l e ( K a u z m a n n , 1959; T a n f o r d , 
1968; L a p a n z e , 1978 ) . 
U n d e r n o r m a l c o n d i t i o n s t h e n a t i v e c a t a l y t i c a l l y a c t i v e 
s t r u c t u r e o f an e n z y m e i s m a i n t a i n e d b y a d e l i c a t e b a l a n c e o f d i f f - ' 
e r e n t n o n - c o v a l e n t f o r c e s , h y d r o g e n b o n d s , h y d r o p h o b i c , i o n i c and 
V a n d e r Waals i n t e r a c t i o n e t c . ( S c h u l z a n d S c h i r m e r , 1979; A l b e r 
et a l . , 1987) on i n c r e a s e i n t e m p e r a t u r e a l l t h e s e f o r c e s ( e x c e p t 
f o r h y d r o p h o b i c i n t e r a c t i o n s w h i c h h o w e v e r a r e s i g n i f i c a n t o n l y 
o > ' 
u p t o 60 C) d i m i n i s h and t h e p r o t e i n m a c r o m o l e c u l e u n f o l d s i . e . 
a c q u i r e s a l e s s o r d e r e d c o n f o r m a t i o n . Because t h e a c t i v e c e n t r e s 
o f enzymes a l w a y s c o n s i s t o f s e v e r a l a m i n o a c i d r e s i d u e s b r o u g h t 
t o g e t h e r o n l y in n a t i v e t h r e e d i m e n s i o n a l s t r u c t u r e o f t h e e n z y m e 
( A n f i n s e n and S h e r a g e r , 1975) s u c h u n f o l d i n g r e s u l t s i n a d i s a s s e m b l -
i n g o f t h e a c t i v e c e n t r e and h e n c e e n z y m e i n a c t i v a t i o n , w h i l e u n -
f o l d i n g seems to b e a u n i v e r s a l and g e n e r a l phenomenon i n e n z y m e 
i n a c t i v a t i o n t h e s u b s e q u e n t s t e p s a r e h i g h l y s p e c i f i c f o r i n d i v i d u a l 
e n z y m e s . T h e y can b e d i v i d e d i n 2 g r o u p s c o v a l e n t and n o n - c o v a l e n t . 
I t s h o u l d b e s t r e s s e d , h o w e v e r , t h a t u n f o l d i n g o f p r o t e i n s 
i s u s u a l l y r e v e r s i b l e - ( T a n f o r d , 1968) i r r e v e r s i b l i t y o f t h e r m a l i n -
a c , t i v a t i o n o f e n z y m e s i s b r o u g h t a b o u t b y s u b s e q u e n t s t e p s t h a t 
f o l l o w t h e u n f o l d i n g o f e n z y m e s . 
Table V: Thermal s tab i l i t y , 
an 
O r g a n i s m 
B a c i l l u s s t r a i n 
DLG 
B a c i l l u s 
s u b t i l i s 
C l o s t r i d i u m 
a c e t o b u t y l i c u m 
S c h i ? o p h y l l u m 
commune 






E f f e c t 
6% l o s s o f a c t i v i t y 
a f t e r 2 h r s 
U n s t a b l e f o r l o n g e r 
t h a n 20 m i n 
S t a b l e f o r 30 m i n 
s t a b l e f o r 30 m i n 
90% o f a c t i v i t y 
r e t a i n e d a f t e r 
R e f e r e n c e 
Robson and 
C h a m b l i s s 
(1984) 
B e r n i e r 
e t a l (1983) 
Lee et a l ( 1 9 8 




s p . 3137 
Streptomyces 










Stable on heat ing 
f o r 10 m i n , 
Denatured 
Stable 
Stable f o r more 
than 72 h r s 
S l i gh t i n a c t i v a t i o n 
a f te r 24 h r s 




Methods o1 enzyme stabi l izat ion 
( ! ) h i i inob i l i za t ion of enzymes on s o l i d suppor t 
(2) In t r i imo lecu lar cross l i n k i n g of enzymes 
(J) Se loc l i vo ciTemical n iod i f i ca l i on of enzyme 
(4) Slabi l iza t ion by neutra l s a i l s 
(5) S tab i l i za t i on by l igands 
r i ioi-mal s t a b i l i t y of some of the enzymes is i nd i ca ted in l a b l e 
5. 
GENETICS OF XYLANASE 
Roncoro (1983) in Bac i l l us s u b t i l i s by r e c i p r o c a l t r a n s f o r -
i i iat iun crosses revea led the ex is lence of two genes con l ro lJ iny w l a n 
d t i i i / a t i o n wh ich have been designated xyn A and xyn B. / w a i l a b l e 
data i nd i ca ted that the two genes code fo r two x y l a n degrading 
on.'xiiU'-s i^x ist lng in the w i l d t ype s t r a i n as e x t r a c e l l u l a r /3-x \, i t jn. is" 
and a coxl associated /3 - x y l o s i d a s e . 
Cjonotic anci b iochemica l data arc mutua l ly consistent a. I 
lead to 1o l l ) ,v ing conclusion - 2 enzymes, 1, 4 p^ - xy lanase anu 
| J - xy l os i dase are respons ib le f o r x y l a n u t i l i z a t i o n by fBa^cillus s u b t i l i s . 
1 he s t r u c t u r a l genes coding fo r these two enzymes are t i g h t l y Untied 
and are located in map pos i t i on 50 min of B . s u b t i l i s chromosome. 
The\ observed l inkage of xyn A and xyn FJ in Bac i l l us s u b t i j j s 
chrcjriiosc:)mp. Th i s c l us te r i ng is c h a r a c t e r i s t i c of f unc t i ona l l y •r-tJd-
tecl yonob in p r o k a r y o t i c o rgan ism. Because of low recomoinat io ' 
t roquoncies observed between two mutat ions, i t appears that they 
ai^e d l d o r o n t a l l e l es of same gene. 
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\no1tier gene for 3\\ ex t race l l uJa r > ylanase from Strofjtoriiyc es 
-~|). No. 36 uos cloned in S . l i v i d e n s using a PIJ 702n as a ve^ toi 
nK ismid . i In- t.niaJlosl DNA fri ignient en(-oding t(u> xyianr iso gi'oo 
cind i t s poss ib le promoter was found to be 1.04 k b . Spli f - Saci 
rragnienl by subcloning s tud ies . I he xy lanase gene fragment v.as 
i i \ i n T l o i r e d in lo pSI\2 ser ies of p lasmids and i nL iodu tod in !o S lO 'p lo 
iii^ec>s kdsugaonsis v i / . p r o t o p l a s t . '1 he cloned xylanasc' gene AHO 
oxprt^ssed in both S . l i v i d e n s FK 21 and St reptomyces kaugeni'^ i^, 
vi3 and these clones produced and sect-eted h igh y i e l d s of xylcnasi> 
intocLi l ture medium ( i w a s a k i ^ j3j^-, 1986). 
e x t r a c e l l u l a r p roduc t ion of a l k a l i n e xy lanase of a l ka lop i i i i r 
i k u i l l u s sp . by iL .£ol i c a r r y i n g pCX 311 fias been r e p o r t e d by Hjnu j 
oL ul . (hJb5) . 1 he en/yme p roduc t ion reached i t s maximum in l /3rc; 
ot thi^ c u l t i v a t i o n pe r i od r-eciuired by c ' l l ka loph i l i r BacjIJu-^ ' r i . 
Nira.ih ("-I25 lurthor-more Ihe a c t i v i t y dc^tecled in c u l t u i o i n ' n 
Aas l i i ghe r than that ol xy lanase produced by a l k a l o p t u l i c Li^r^ciiJj, 
.s p. 
S t ruc ture and express ion of genes coding for xy lan de( j ruJ in ' i 
\'i.:>me h a \ e been repo r ted by Mor iyama ct_ al^. (1987) it-oiri f jaci 'Jus 
pjj^milaji. The complete nuc leo t ide sequence of - x y l o s i d a s e {y\i 
C) and i t s f l ank ing region l ias been es tab l i shed (Fukusak i et_ IJ... 
1984). Ihe xy lanase gene was A.6 k b p downstream of the 3' end 
of \ y n L] and i t s DNA sequence is ' "epeated. "the xy lanase gene 
! rof ( t jac l l l us po l ymyxa has l:ieen cloned and exfsressed in L . f o i i 
(Yang £t al^. , 1988) a f te r ex tens i ve mapping and ser ies of subcloning 
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,ito puci9 A 2.9 k i l obase BamHI-LcoRl subf ragmen t was 'ouhc' 1(. 
.-oue 1oi- vy'.anaso a c t i v i t y . Xylanase a c t i v i t y expres53od i*> L_. ' t i i 
luu-hoLiring the- clonod gene was located p r i i n a r i l y in per i r ) 'as in Mfid 
corrt^sponded to one of the two d i s t i n c t xy lanase , pix^duced i)\' 
B. polyn^xjs^a. Xylanase expressed by cloned gene occur red in absence 
of ^y ian and v\as reduced by glucose and xy lose the xy lanase cx -
pi^e&sod by cloned gone had m o l . w t . A8,000 and i soe lec t r i c point 
A .9 . Complete^ nuc leo t ide sequence of xy lanase gene o' Baci lJus 
pufM'lus, c i l k 'a loph i l i c b a c i l l u s s p . s t r a i n C-125 has been reporUni 
(I ui nsa.ki ot a l . , 1984; Haniainoto et a t . , 1987). A xy lanase O.MK 
o1 bac i l l u s puni i ins l ias been expressed in E. c o l l and Bac i l l us sub^tii'--, 
(['<inbangrod ^ t a ] . , 1985). Xylanases have been cloned an E.co j i 
will' ihe aim v)l ol)U'iining incrcMsed p i - ' duc t ion o( thc> en/yrr ic. 
SOCIO-ECONOMIC IMPORTANCE 
"1 he need ol u t i l i z i n g renewable i'(_ ounces ton rm^eliug ' i.ii -
k inds lLitui-e need ot food and fuel focussed a i t on t i on on the rorir^v-
ab ie po l ysaccha r i de produced in tons notab ly in t r op i ca l C'-'ji ' i " 
oi w o r l d , wh ich have only scanty f oss i l fue l r e ' . o i v e s . ' l iai - i i . 
l o s s i l fue ls of present day are but p roduc ts of ear l ier- geolotjic 
age also added op t im ism towards ach iev ing such an oh;- I:. 'Ah.-r'-
organisms ab le to b reakdown l i gnoce l lu lose have a great eco'v> .,< 
po ten t ia l for increas ing the u t i l i z a t i o n of renewable |)lant bif i n s ^ 
as an animal feed and fo r p roduc t ion of fue ls and cherr-icaJs by 
fe rmenta t ion . 
iS 
Xyldn l i y d r o i y s i s could be of commerc ia l s ign i f i cance binco 
some indL is l r ia l proccbses tor' e . g . 
( 1 ) In pu lp and paper i n d u s t r y 
(a) t o r f i b r e mod i f i ca t i on such as m i c r o f i b r i l l a t i o n 
(b) Ex t rac t i on of d i s s o l v i n g grade pu lps 
(e) L-ileaching of k r a f l pu lps 
For t h i s application, the enzyme so lu t ion should be ""-"ee 
o! I I l l u loso o the rw ise f i b r e damage could occur , so trie IcxHjlar cJeiiincj 
^/i \ \ l a n a s e and xy l os i dase genes frotn su i t ab le s t ra ins m L. co l i 
(Honda ej^ f ^ - ' 1985) w i l l produce h igh l eve l s of ce l lu lase free 
en^ \ mos. 
(2) Xylose obta ined f rom e t i zymat i ca l l y t rea ted xy ian woula oe 
a teed stock fo r s ing le c e l l p ro te in p roduc t s . 
( j ) A l te iT ia t i ve ly fermentat ion to ethanol i s poss ib l e e i t h e r by 
in ter tned ia te fot^malion of x y l u l o s e , x y l i t o l or w i t h soirie ve-jst 
by d i r e c t fermentat ion ( J e f f r i e s , 1981). 
1 het^mophi l ic bac te r i a a re of p a r t i c u l a r in lerc-sl in 'Jii-> 
i-espect both in theit" own r i g f i l atid as a source of dc-bitcii j je (jeno 
encodii ig h i g h l y a c t i v e the rmos tab le p ro te i n fof genetic cot is lruct ' 'on 
in i i iebop l i i les , the s t a b i l i t y ol enzyme at h igh temperature is tJes-
i r a o l e as in l a rgo -sca le enzymat ic h y d r o l y s i s , the tentpe'^atur e usual ly 
tends to shoot up some 100 species of bac te r i a and lungi are kno.vi 
to produce xy lat iase but compa ra t i ve l y l i t t l e in fo rmat ion is ava i^abh 
regard ing the b iochemica l and genet ic regu la t ion of I f iose en/y i ' ,eb. 
At present a number of questions remain unanswered. 
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1,1) r\re d i s t i n c t and d i f f e r e n t genes present to r each of ri)dn\/ 
toi'iiis of \ y lanases and is thieir exp ress ion c o - o r d i n a t e l y r-on-
t r o i l e d ? 
{'/) Is the m u l t i p l i c i t y of gene a consequence of gene re i t e ra t i on? 
[n r'ocent years many advances have been made in deve lop ing 
ut^id ; i \ d r o l y b i s process fo r x y l a n h y d r o l y s i s . But prob lemo of 
Icir-go energy requ i rement , h igh equipment c o s t , co r ros ion p rob lem, 
low product v i e l d and for^inontation of m i x t u res conta in ing [oxU 
oc unlerine!iML)le byp roduc t s as we l l as nun -spoc i l i c nature of 'iv,icl 
h y d r o l y s i s have d i r e c t e d the research e f f o r t s towards enzyrrat i ' ' 
hv> i ro l ys i s wh ich would be more s p e c i f i c and o p e r a t i v e utulcr r-ela-
t i v e l y m i l d cond i t i ons . 
Cloning and express ion of genes in hetero logous host is 
not ofi ly to get be t te r unders tanding of the regu la t ion of gene but 
a lso to construct a higl^ enzyme produc ing s t r a i n by c loning and 
exoress ing gene in mu l t i copy vec to r , w i t h a h ighe r spec i f i c activity 
than, observed in na tu ra l iso lates observed so f a r . There are severa l 
hu rd les l i k e -
(1) The s t ra teg ies of c lon ing xy lanase gene f rom a p roka ryo te 
host cannot r e l y on d i r e c t exp ress ion in euka ryo t i c c e l l because 
of d i f f e rence in t r a n s c r i p t i o n and t r ans l a t i ona l mechanism in 
tw(^ g roups . 
(2) Since euka ryo t i c genomes are much l a rge r than p roka ryu tes 
a genomic clone from a eukaryo te needs to be constructed w i t t i 
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pieces of DNA wh i ch are 20-40 kb long . A vector- l i k e pBR)/? 
inser ts greater than 10-15 kb f a i l s to g i v e sa t i s t ac to r y l r \ i i i - , 
f o rn ia t ion , also enzyme being g l y c o p r o t e i n w i l l not be giyco-
s\ kiUxJ and secceled in E . c o l i , wh i ch is genera l l y Lho c h u u ^ 
fo r gene c loning and e x p r e s s i o n . 
l i t e use ol Ugnoce lk i l os i cs for p roduc t i on of o lhunol ,\iv> 
o ther chemica ls , Teed stocks i s one of the most d i f f i c u l t lasl< M I -
lou i i l e red in h i b t o r y of b i o l echno logy , w h i l e seve ra l ol Ihe'^c ' . iuu i i 's 
con t r i bu ted to a fund of bas ic in fo rmat ion on the genomic cjrg i n i -
sat ion of xy lanase syn thes i s by the mic roorgan isms, t he re is l i l t J t 
so far by way of p o s i t i v e resu l t wh i ch could be d i r e c t l y a p p l i e d 
to an i n d u s t r i a l process f o r ob ta in ing e i t h e r a xy lanase w i t h n^oro 
d e s i r a b l e a t t r i b u t e s or fo r m o r e - r a p i d p roduc t ion of enzyme. Fho 
de ta i l ed s tud ies , l i k e p h y s i c o - c h e m i c a l p r o p e r t i e s , ca ta l yUc pr f; ^ 
pe r t i es e t c . , can lead to enzyme engineer ing (as in case of s u b t i i - s i n , 
sc ien t i s t s have used s i t e d i r e c t e d mutagenesis to a l t e r en/yme uil, 
protihi, therm. j l s t a b i l i t y , subsh-ale s p e c i f i c i t y and even r-od.^i.'.n 
t \ p o ) . New or imp roved enzymes are p l a y i n g an inc reas ing ly ii(,p;>r-
tant r o l e in t rans fo rmat ion of b iomass, 
Fufigi have so f a r been the cho ice organisms as they ore 
able to u t i l i z e the biomass in na t i ve l i gnoce l l u l os i c form (Schurz , 
1977). Among p r o k a r y o t e s , ac t inomyctes have been shown to r a p i d l y 
colonize and e x t e n s i v e l y penet ra te wood t issue possessing ce l l u lase , 
hemice l lu lase and l i g n o l y t i c enzymes (Hagerdah l e^ ^ i - , 1978; C raw fo rd , 
1981, V a a / y l , 1985). 
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Among ac t inomycetes , St reptomyces are espec ia l l y a t t r a c t i v e 
cand idate because of the genet ic knowledge and c lon ing technology 
avaiJnbJo w i t h the organisms. 
Before subs tan t ia l u t i l i z a t i o n of St reptomyces for he in i -
ce l lu lose convers ion can be success fu l , more has to be known about 
the way they decompose, the nature of enzyme i n v o l v e d . Enzyme 
produc t ion cost must be reduced th rough the use of more e f f i c i en t 
p roduc t ion methods and be t te r unders tand ing of xy lanase secret ion 
and i t s regu la t i on . Las t l y the search of organism in terms of q u a l i t y 
and Cjuantity i s an impor tan t requ i remen t . 
M A T E R I A L S A N D M E T H O D S 
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1 . ORGANISM 
Tuo s t ra ins of S t rep lomyces were se lected for the s tudy 
incorpora ted in t h i s t h e s i s . These s t ra ins are l i s t e d in TabJe. 
S.No. S t ra in SoLirce 
1. Streptoniyces f l avog r i seus A5CD Dr. Dav id K luep le l 
2. Stroptomyces wedmorensis ATCC 21230 
2. MhDlA AND BUFFL-RS 
(a) Y_. E. M. E. medium 
Yeast ex t rac t 3 gm 
Bactopeptone 5 gm 
Malt ex t rac t 3 gm 
Glucose ! 0 gm 
D i s t i l l e d water 1 l i t r e 
Glucose was au loc laved separaLely at 10 I b / m fo r 10 miii c" "i 
added to a f i n a l concentrat ion o1 i%. 
(b ) Zone c lea r ing medium (Sy lves t re -Da ignoau l t and M u e p l o i , l')79^ 
(NH^j^SO^ 1 gm 
KH^PO, 1.5 gm 
2 4 
K^HPO^ 5 gm 
MgSO^^yH^O 0.5 gm 
KCl 0.5 gm 




Yeast ex t r ac t 0.5 gni 
Agar 12 gm 
D i s t i l l e d water 1 l i t r e 
Belore au toc lav ing , pH of medium was ad jus ted to 7 .2 , 
(c) Enzyme release medium ( Ishaque and K l u e p f e l , 1981) 
KII„PO, 1.5 gm 
2 i^ 
\\J\PO, 2 gm 
2 4 
(NH^) SO^ 1.4 gm 
Yeast ex t rac t 2 gm 
Hroteasc^ |3optone i gm 
1 \\oen-80 2 irij 
Trace metal so lu t ion 1 ml 
(Mandel and 
Reese, 1957) 
Dist i l led water 1 l i t r e 
pH was ad jus ted 7 w i t h NaOH before s t e r i l i z a t i o n . lo t^iis 
medium inducer subs t ra te was added to f i n a l concentratic^n of [% 
to -,iM-vo as p r i n c i p a l carbon sour.-e. A f te r b t e r i i i / a t i o n M) rng 
ot MgSO 7H 0 and 30 rng CaCl„ were added a s e p l i c a l l y . 
(d ) Sodium acetate bu f fe r 
0.2 M sodium acetate bu f fe r was p repa red in doul-de d l b -
t i l l e d vvatei". pH of the so lu t ion was ad jus ted 5 w i t h acet ic a c i d . 
'^-'^  ^ ' ' i s g l yc ine t^uffer (10 riiM, pH 8.3) 
Fr is i . 2 t (jm 
Glyc ine 0.75 gm 
D i s t i l l e d water j l i t r e 
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(f) S lo r i l i / a l i ou )f buffers aij^ _l^^f! 
Buf fers and media were autoc laved at 15 Ib / i n for 10 
min. 
(y) Solidj_ficdtion ol iiiedluiii 
I t was ach ieved by a d d i t i o n of 1.2% agar ( o x o i d ) . 
3 . GROWTH CONDITION AND MAINTENANCE OF CULTURES 
ISolh the sLrcptoniyces s t ra ins were mainla inet i in sporul<itL'd 
torii i on Y . E . M . L . agar s lan ts . the cu l tu res were s to red al A C 
and rou t ine ly I ran; . fen cd every 30lh day . 
When a cu l t u re was r e q u i r e d fo r expe r imen t , i t was taken fr or-! 
-^lock t. u l t u re s tored at 4 C and s t reaked on Y . t . M . E . s lants i n -
cuuatod at 30 fo r 5-7 days fo r good s p o r u l a t i o n . 
i or g rowth in l i q u i d medium, ove rn igh t ( 0 /N ) inoculun, was 
prepcireci by suspending t i ie spores f rom 5-7 day o ld slant m iO 
ml of LHM w i thou t inducer . "I he incubat ion was carric>d out oi 
a r o ta r y shaker w i t h an ag i ta t ion ra te of 240 rpm at 30 C fo r lA 
hi\'D. I h i s was used lor Inoculat ing 500 ml Er jenmeyer f l a s k s , tv.cli 
conta in ing 100 ml of medium w i t h 2 ml of spore suspension und 
f u r t he r incubat ing at 30 C on a r o t a r y shake r . 
A. ENZYME PREPARATION 
( '^^  l^> ' t racel lu lar enzyme f r a c t i o n 
Samples of cu l t u re were taken at regu lar i n t e r v a l s throughoui 
The growth phase. The xy lanaso a c t i v i t y was measured by fo l low ing 
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the re lease of reduc ing sugar from x y l a n . The cu l t u re supernatant 
was co l l ec ted by pe l l e t i ng the c e l l s at 6000 x g f o r 5 m in , t h i s 
supernatant was washed w i t h 200 mM sodium aceLaLe b u l f c r pi I 5 
in u l t r a f i l t r a t i o n uni t using a membrane f i l t e r hav ing a cut of f value 
of 10 k da l ton before use to remove low molecular we ight compounds, 
t h i s was l y o p h i l i z e d and r e d i s s o l v e d in a p p r o p r i a t e bu f f e r . I h i s 
was t reated as e x t r a c e l l u l a r enzyme f r a c t i o n . 
(b ) I n t r a c e l l u l a r enzyme f r a c t i o n 
Pe l le ts were washed tw i ce w i t h 0.2 M sodium acetate bu f fe r 
pH 5 and resuspended in same b u f f e r . Ce l ls were sonicated fo r 
10 min in ice in presence of 0.1 mM PMSF (pheny l me thy l su l f ony l 
f l u o r i d e , Boehr inger , West Germany) w i t h 2 min i n t e r v a l (Ce l l d i s -
rup te r model W-220F, Heat systems u l t rason ic I n c o r p o r a t i o n , USA) 
opei 'atod at 20 kC/soc . 
The sonicated e x t r a c t was cen t r i f uged at 15,000xg fo r 30 
min at 4 C, the supernatant and pe l l e t s were t rea ted as i n t r a c e l l u l a r 
and c e l l bound f r a c t i o n s . 
5. PROTEIN ESTIMATIONS 
Prote ins were est imated by the method of Lowry e^ aJ_. (1951) 
using bov ine serum a lbumin as s t a n d a r d . Fo l low ing reagents were 
used: 
( i ) Reagent I : 8% Na2C0 in D.D.W. 
( i i ) Reagent I I : 300 mg CuSO . 5H O 
600 mg sodium potassium ta r t a ra l e d i s s o l v e d 
in 500 ml D.D.W. 
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(a) Pro te in es t imat ion 
For p ro te in es t ima t i on , 0.5 ml of a l i quo t was mixed w i t h 
5 ml of test reagent (Reagent I and I I in 1:1 r a t i o as desc r i bed 
above) and incubated at 37 C for 10 minutes, 0.5 mi of IN T o l i n ' s 
reagent was added in the m i x t u r e vo r t exed and kept in da rk for 
30 min , op t ima l dens i t y of b lue co loured complex was measured 
at 625 nm. Pro te in was est imated f rom the s tandard l i near curve 
obta ined f rom bov ine serum a lbum in . 
(b ) T .C .A . p r e c i p i t a t i o n 
Prote ins were p r e c i p i t a t e d w i t h 10% t r i c h l o r o a c e t i c ac id accord-
ing to Lowry et cil^. (1951) . 0.2 ml of a l i quo t was mixed thorougt i l y 
w i t h 2 ml of 10% 1 CA kept fo r 3-4 h r s in c o l d , then cent r i fuged 
at 2000 rpm fo r 15 min washed w i t h 0.2M sodium acetate buTfor 
pH 5, d r i e d and f i n a l l y d i s s o l v e d in 0.2 ml of O.IN NaOH, pro! : " in 
in the above f r a c t i o n was es t imated by L o w r y ' s method as desc r ibea 
above. 
6 . XYLANASE ASSAY 
I he assay m i x t u r e contained 0.5 ml of a p p r o p r i a t e l y d i l u t e d 
enzyme p repa ra t i on and 0.5 ml of 1% x y l a n suspension in 0.2 M 
sodium acetate bu f fe r pH 5 incubated at 40 C fo r 10 min b lank con-
s is ted of 0.5 ml of 1% x y l a n suspension and 0.5 ml of cu l t u re f i l -
t r a te at 0 m in . The reac t ion was te rm ina ted by b o i l i n g fo r 15 
min and 1.5 ml of DNS ( D i n i t r o S a l i c y l i c ) reagent was added . I he 
aiTiOLint of reducing sugar re leased was de termined accord ing to M i l l e r 
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et_ aJ .^ (1960) w i t h D-xy lose as s t a n d a r d , absorbance of the superna-
tant was measured at 575 nm against the b l a n k . 
A convent ional uni t to de f ine the a c t i v i t y of enzyme is 
the amount of enzyme that ca ta lyzes the re lease of umole of reducKicj 
i,ugar as xy lose from subs t ra te per m i l l i l i t r e per minute at t l ie 
opt imum tempera tu re . 
7. POLYACRYLAMIDE GEL ELECTROPHORESIS (PAGE) 
(a) Non-denatur ing gel 
Slab gel e l e c t r o p h o r e s i s was per fo rmed at room temperciture 
(S tud ie r , 1973) s tack ing gel conta in ing 2 .5^ and separat ion gel con-
ta in ing 7.5% a c r y l a m i d e were p repa red f rom stock so lu t ion contairnng 
30H) ac r y l am ide and 0.8% N,N ' m e t h y l e n e - b i s - a c r y l a m i d e . The s tack ing 
gel so lu t ion was 0.061M T r i s (pH 6.8) and separa t ion gel solut ior j 
was 0.377M T r i s (pH 8 . 8 ) . The running bu f fe r cons is ted of O.V?7M 
T r i s and 0.192M g l y c i n e , pH 8 .3 . 
Enzyme sample p repa red as d e s c r i b e d in Section A, was 
red i sso l ved in e l ec t r opho res i s b u f f e r , a p p r o x i m a t e l y 100 ug p ro te in 
measured a f te r fCA p r e c i p i t a t i o n was loaded in two lanes in non-
denatur ing g e l . Gel was run at 200V fo r 20 min a f te r stacking or 
the samples , the vo l tage was decreased to 150 v o l t s . Gels were 
e lec t rophoresed fo r a p e r i o d of 5 h r s and Bromophenol bJue was 
used as a t r a c k e r d y e . Fo l low ing e l e c t r o p h o r e s i s , the gel was 
removed, one lane was s ta ined w i t h Coomassie b lue and o ther Ian-" 
was used fo r de tec t ion of endoxylanase a c t i v i t y as desc r i bed ui 
Section 70. 
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(b ) Denaturing gel 
/-Mi cond i t ions and reagents were same as in non-donatur irig 
gel except that 2% and 0.1% sodium dodecy l su lphate (SDS) was 
present in sample and running bu f fe r r e s p e c t i v e l y . The p ro te in 
sample was suspended in sample bu f fe r and kept at 37 C for 90 
sec before loading on the g e l . The lane used fo r de tec t ion of endo-
xy lanase a c t i v i t y was washed four t imes fo r 15 min in 0.2 M sodium 
acetate bu f fe r pH 5. The f i r s t two washes contained 25% i sop ropano l . 
( c ) Z y m o g r a m s t a i n i n g f o r d e t e c t i o n o f e n d o x y l a n a s e a c t i v i t y 
P o l y a c r y l a m i d e g e l was p l a c e d i n d i s h . An a g a r s u b s t r a t e 
g e l p o u r e d s e p a r a t e l y , was p l a c e d on t o p o f t h e p o l y a c r y l a m i d e 
ge l and d i s h was p l a c e d i n w a t e r b a t h at 50 C f o r 1 h r . 1 he 
agar s u b s t r a t e g e l c o n s i s t e d o f 0.1% x y l a n 2% ( w / v ) aga r i n 0 .2M 
s o d i u m a c e t a t e b u f f e r pH 5 . F o l l o w i n g i n c u b a t i o n , t h e s u b s t r a t e 
g e l was r e m o v e d , w a s h e d w i t h 0 . 2 M s o d i u m a c e t a t e b u f f e r , pH 5 
and i m m e r s e d i n 0 . 1 % ( w / v ) Congo r e d f o r 30 m i n , f o l l o w e d b y 
w a s h i n g i n IM N a C l . T h e s t a i n e d s u b s t r a t e g e l was s t o r e d i n iOX 
a c e t i c a c i d o r IM NaCl ( T e a t h e r and Wood , 1982 ) . 
8 . CHARACTERIZATION OF XYLANA5E 
(a) Opt imal tempera ture f o r enzymat ic h y d r o l y s i s 
Opt imal tempera ture of enzyme was determined by measuring 
the i n i t i a l rates at wh i ch reduc ing sugars are re leased at d i f f e ren t 
temperatures ranging f rom 20-60 C. 
The react ion m ix tu res were incubated at d i f f e r e n t temperatures 
fo r 30 min and the reduc ing sugar re leased was determined as des -
c r i b e d in Section 6. 
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(b ) Op l ln ia l pH de te rmina t ion 
f o r de termina t ion of the pH range al wh i ch xy lanase is a c t i v e , 
l i v e d i f f e ren t bu f fe rs were made cover ing Uic range bef.weon A Lo 
8. Xylanase a c t i v i t y was assayed at 30 and 60 min i n t e r v a l . 
(c) T l ie rmai i nac t i va t i on of enzyme 
Samples of enzyme were p re - i ncuba ted at 40 , 50 and 60 'c 
r e s p e c t i v e l y . At the g iven t ime i n t e r v a l , i . e . I h r , 2h r , 3 h r , 
5h r , 12hr and 24 h r s , a l i quo t s were assayed to r enzyme a c t i \ / i t y 
at 40°C fo r 30 m in . 
(d ) Inducers fo r xy lanase p roduc t i on 
l o determine wf ie ther t f ie s t r a i n would produce xy l ano i y l i c 
a c t i v i t y i f grown on subs t ra te o ther than x y l a n , ce l l s were grown 
in ERM supplemented w i t h one of the v a r i e t y of sugars i . e . maltose, 
x y l o s e , mannose sucrose, f r uc tose , g lucose, ce l l ob i ose , Jaclose, 
a rab inose, ce l l u l ose , a v i c e l , c a r b o x y m e t h y l ce l l u l ose , galactose 
and g l y c e r o l to the f i n a l concentrat ion 1%. Supernatants were absa\,ed 
for \ y ] a n degrad ing a c t i v i t y a f te r Lime i n t e r v a l of f 2h r , 60hr , 
80hr and 108hr r e s p e c t i v e l y . 
(e) K inet ic parameters 
Determinat ion of Km and "Vmax of c rude c u l t u r e f i l t r a t e was 
c a r r i e d out by incubat ing f i x e d amount of enzyme w i t h increas ing 
concentrat ion of subs t ra te ranging f rom 0.1 mg/ml - 3 mg/mi a l 
40 C fo r 15 min fo l l owed by assay fo r xy lanase a c t i v i t y . 
( t ) Ef fect of detergents 
SDS and T r i t o n X-100 were added to s tandard xy lanase assay 
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to f i n a l concentrat ion of . 1% and l°/o r e s p e c t i v e l y to observe t l i e i r 
e f fect on xy l an degrada t ion . Th i s reac t ion m i x t u r e was incubated 
at AO C for 30 min and xy lanase a c t i v i t y was measured. 
(g) Effect of i n h i b i t o r s 
Var ious d i v a l e n t cat ions and metal che la to rs were added 
to the s tandard xy lanase assay to observe t h e i r e f fect on x y l a n o -
+2 +2 f2 +2 
l y t i c a c t i v i t y . The cat ions used were Ag , K , Ca , Mg added 
to the f i n a l concent ra t ion of 100 mM and 10 mM r e s p e c t i v e l y , whereas 
EDTA was added to the f i n a l concentrat ion 100 mM and 200 mM r e s -
p e c t i v e l y . 
9. SCREENING OF XYLANOLYTIC STRAINS 
Di f fe ren t St reptomyces s t ra ins were screened on ZCM medium 
containing xy l an as carbon source. X y l a n o l y t i c a c t i v i t y was mea-
sured by de termin ing the inagnitudc of c lear ?one formed in opaque 
xy lan medium. 
10. EFFECT OF INCREASING ENDOPRODUCT CONCENTRATION 
Xylose added at va r ious concentrat ion f rom 0-5% a l lows the 
detec t ion of concentrat ion at wh ich the ca tabo l i c rep ress ion occurs . 
ZCM p la tes s t reaked w i t h the Streptomyces s t r a i n were incubated 
at 30 C fo r 3-15 d a y s , x y l a n o l y t i c a c t i v i t y was measured by d e t e r -
mining the magnitude of c lear zone formed in medium. The /one 
of h y d r o l y s i s can be seen w i t h naked aye but i t was enhanced 
by s ta in ing w i t h Congo red (0.1%) For 30 min and the excess s ta in 
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was vvaslied w i t h IM NaCl. A ye l low zone of h y d r o l y s i s is seen 
around the colony caused by degradat ion of - 1 , 4 - g i y c o s i d i c bonds 
of x y l a n . Th i s assay is a sem iquan t i t a t i ve way of detenninJng 
the anioLint of enzyme produced (Sy lves t ro -Da igneau l t and K luep te l , 
1979). 
R E S U L T S 
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1 . SCREENING OF STREPTOMYCEl E STRAIN PRODUCING HIGH LEVELS 
OF ENDOXYLANASE 
In v iew of our o b j e c t i v e to i so la te h i g h l y x y l a n o l y t i c 
Streptomyces s p . , seve ra l s t r a i ns a v a i l a b l e in l a b o r a t o r y *were screened 
they were as f o l l o w s : 
(1) Streptodiyces wedmorensls ATCC 21230 
(2) Streptomyces Flavogr iseus 45CD 
(3) Sh^ep^toii^yocs ( j ramin lnc iens ATCC 12705 
(^^ -"^troptoiiiyce^ sp . ATCC 21175 
(a) Pr l i r ia ry screening 
The above s t ra ins were screened for x y l a n o l y t i c a c t i v i t y 
by growing them on zone c l ea r i ng medium conta in ing 0 .5^ x y l a n . 
They were incubated at 30 C for 5-7 days and the x y l a n o l y t i c a c t i v -
i t y was detected as c l ea r i ng zone around the s t rep tomyces colonies 
on opaque x y l a n medium, the s e n s i t i v i t y of t h i s method is increased 
in presence of 0.2 M sodium acetate bu f fe r pH 5 w h i c h was added 
to p la tes a f t e r t h i r d day and zone of clearing was observed on 
f ou r th day (Sy lves t re -Da igneau l t and K l u e p f e l , 1979). To f u r t h e r 
enhance the c l e a r i n g , the p la tes were f l ooded w i t h aqueous so lu t ion 
of Congo rod (1 mg/ml ) fo r 30 m i n , then washed w i t h IM NaCl ior 
15 m in , the zone of h y d r o l y s i s cou ld be c l e a r l y v i sua l i zed (" 'eather 
and Wood, 1982). The s t r a i ns wore se lec ted on the bas is of above 
screening because x y l a n o l y t i c enzymes are re leased f rom cu l t u re 
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Ihei i only /one of c lea r ing i s produced by degradat ion of/•?) 1, A - i j i , < o-
s i d i c bonds of x y l a n . The screening t f ius a l l owed se lec l io i 
xy lano l yL i c s t r a i n w i t h e x t r a c e l l u l a r enzyme p r o d u c t i o n . 
(b) Secondary screening 
The second bas is was the a b i l i t y of the s t ra ins to yr^ ovv 
on s o l i d media w i t h x y l a n as sole carbon source, oti t l ie tj i-J . 
of above two screenings S . f l avog r i seus and S. wedmorensis were selvf -
ted fo r f u r t h e r s tud ies . 
C h a r a c l c r i / a t i o n of s t rop ton iyce te lAF 45CD 5. f lavogr isous |;roriu( os 
grey a e r i a l mycel ium mass on a l l t l ie media s tud ied and sporuKitccJ 
abundant ly on most of them. The spore cha in morphology is l > | ) i -
ca l i y r o c t i f l e x i b i l i s and cons is ts of upto 10 spo res . "! fie con id io 
have smooth surface as de termined by e lec t ron m ic roscopy . The 
s t r a i n grows o p t i m a l l y at 30 C w i t h tempera tu re range of 'ZO~.V/ ( . 
The reve rse s ide pigment of mycel ium i s d i s t i n c t i v e l y yel low on 
Y . E . M . E . medium but no so lub le pigments such as melanin are prociacec! 
X y l a n o l y t i c a c t i v i t y in submerged cu l tu res - St ra ins were grown 
in ERM + 1% xy lan (Sigma, U .S .A . ) and assayed fo r xy lanase p r o -
duc t i on . The s t ra ins were incubated at 30 C fo r 3 days and sampJes 
were taken every 12 h r s . 
S . f l avogr i seus - Maximum a c t i v i t y i n te rms of enzyme urnt i . e . 
45 I . tJ. was produced in f i l t r a t e s of s t r a i n a f te r 2 days of i ncuba t ion . 
In 72 h r sample, the enzyme a c t i v i t y was found to decrease s l i g h i - y 
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t l iOLigli in 86 and 98 h r s a m p l e i t was r e l a t i v e l y c o n s l a n l . 1 Do 
t i m e c o u r s e of x y l a n a s e p r o d u c t i o n i n S . f l a v o g r i s e u s i s s h o w n in 
f - i q . ^ . X y l a n a s e a c t i v i t y i n m e d i u m i n c r e a s e d p r o p o r t i o n a l l y 
t o c e l l g r o w t h , r e a c h e d i t s m a x i m u m 48 h r s a f t e r i n o c u l a t i o n c i d 
t h e r e a f t e r r e m a i n e d a l m o s t c o n s t a n t . S p e c i f i c a c t i v i t y was founa 
to b e 2 7 . 5 I . U . p e r mg o f p r o t e i n . 
T h e e x t r a c e l l u l a r f i l t r a t e s c o n t a i n e d o n l y t r a c e amounts 
o f /•? - x y l o s i d a s e . T h e i n t r a c e l l u l a r x y l a n a s e l e v e l s w o r e v e t ) 
l ow as c o n i p a r e d t o e x t r a c e l l u l a r l e v e l s . T h e c e l l u l o s e s y s t e m 
1 
< < , M ( 
is i nduc ib l e by x y l a n as p r i m a r i l y shown by K luepfe l and ishaquo 
(198?) . -
S. wodmorensis - The g rowth of the s t r a i n was fo l l owed m cn/yr i K 
(' 
release medium, conta in ing x y l a n (1%) as subs t ra te at 30 C and 
^ 7 ° C . The s t r a i n grew w e l l at bo th the temperatures and p r o d u f ^ d 
% . ^^ . . , , , o n . ! ' I ' ' ' I . . 
maximal enzyme l e v e l s , a f te r 72 h r s of incubat ion at 30 C and 56 
^ .,'x !..^  1 •• ' i ' •• ^ .«> ' • ! ' _ • 
h r s at 37 C y i e l d i n g 2.25 to 2.5 mg/ml of reduc ing sugar m super -
natant cons i s ten t l y . In terms of enzyme uni t 39 I . U . WQTO Obtaun^d 
. . 1 . / . , ! < - -^ - - i r -<( ' • ; I . ' 
at 37"c a f te r 56 h r s and 35 I . U . at 30°C a f t e r 72 h r s . However, 
the g rowth was be t te r at 30 C. At 30 and 37 C no i n t r ace l l u l d r 
, xy lanase a c t i v i t y was found . Dur ing g rowth pH was not conl ro i joc ' 
I t remained 7 th roughout . 
( c ) ' Inducers 'of xylanase . M , <;,•- i -' ' 
I t was of i n te res t to de termine whether Ihe s(rain- j would 
produce x y l a n o l y t i c a c t i v i t y grown on carbon source o the r ttian 
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t h o u g h i n 8G and 98 h r s a m p l e i t was r o l d t i v e l ^ c o n s l d n l . f hf> 
t i m e c o u r s e of x y l a n a s e p r o d u c t i o n i n b . f l a v o g r i s e u s i s s h o w n in 
F i g . 3 • X y l a n a s e a c t i v i t y i n m e d i u m i n c r e a s e d p r o p o r t i o n a i l > 
t o c e l l g r o w t h , r e a c h e d i t s m a x i m u m A8 h r s a f t e r i n o c u l a t i o n c i d 
t h e r e a f t e r r e m a i n e d a l m o s t c o n s t a n t . S p e c i f i c a c t i v i t y was fou i i o 
t o be 2 7 . 5 I . U . p e r mg o f p r o t e i n . 
T h e e x t r a c e l l u l a r f i l t r a t e s c o n t a i n e d o n l y t r d c e amounts 
o f /3 - x y l o s i d a s e . f he i n t r a c e l l u l a r x y l a n a s e l e v e l s w o r e v e r y 
low ds c o m p a r e d t o e x t r a c e l l u l a r l e v e l s . T h e c e l l u l o s e s y s t e m 
1 , 1 ( 
i s i n d u c i b l e b y x y l a n as p r i m a r i l y s h o w n b y K l u e p f e l and I s h a q u e 
1 " > , , 
( 1 9 8 ? ) . ' 
b . w e d m o r e n s i s - The g r o w t h o f t h e s t r a i n w a s f o l l o w e d m e n / y m t . 
r e l e a s e m e d i u m , c o n t a i n i n g x y l a n {^%) as s u b s t r a t e a t :^0 C and 
, , - c • • ' - > ' • ' ' . e ' >• • u i " > " • 
*27*^C. T h e s t r a i n g r e w w e l l a t b o t h t h e t e m p e r a t u r e s a n d p r o d u c e d 
m a x i m a l e n z y m e l e v e l s , a f t e r 72 h r s o f i n c u b a t i o n at 30 L and 56 
h r s a t 37 C y i e l d i n g 2 . 2 5 t o 2 . 5 m g / m l o f r e d u c i n g suga r m s u p e r -
s' . ' •,.> ->- v's ! . . , < , : • ( I ^ '^ , 
na tant c o n s i s t e n t l y . I n t e r m s of e n z y m e u n i t 39 I . U . wQro d l j t a m i ^ d 
at 3 7 " c a f t e r 55 h r s and 35 I . U . a t 30°C a f t e r 72 h r s . H o w e v e r , 
t h e g r o w t h was b e t t e r a t 30 C. A t 30 and 37 C no m t r a c e l l u l d r 
x y l a n a s e a c t i v i t y was f o u n d . D u r i n g g r o w t h pH was not con t ro l Jec i 
I t r e m a i n e d 7 t h r o u g h o u t . 
( c ) ' I nducers 'of x y l a n a s e i H , i ' 
I t was o f i n t e r e s t t o d e t e r m i n e w h e t h e r t h e s t r a i n s w o u l d 
p r o d u c e x y l a n o l y t i c a c t i v i t y g r o w n on c a r b o n s o u r c e o t h e r t f i an 
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x y l a n . A c c o r d i n g l y , the s t ra ins were grown in EHM supplornenlod 
w i t h one of the v a r i e t y of sugars. Supernalants wore assayed 
fo r xy ianase a c t i v i t y a l 12, 24, 36 and 72 h r s r e s p e c t i v e l y . 
In S . f l avog r i seus , of "all inducers tested x y l a n , laptose, 
inannose and glactose were the most e f f e c t i v e ones. The h ighest 
xy ianase a c t i v i t y was obta ined on x y l a n and lac tose , yeast ex t rac t 
was also e f f ec t i ve fo r xy ianase p r o d u c t i o n . An i n i t i a l pH 6 . 0 -
7.0 and temperature 30 C was mainta ined in a i l cond i t i ons . There 
was no \ y l anase p roduc t ion when s t r a i n was grown in medium con-
ta in ing glucose as sole carbon source. A f t e r 48 h r s , xy lan catid 
lactose were found to be the most e f f e c t i v e i nduce rs . Mannose 
and galactose also induced a c t i v i t y but to lower ex ten t , w i t h c e l l -
ulose t l ie a c t i v i t y reached maximum a f te r 60 h r s , w h i l e g l y c e r o l , 
sucrose, f ruc tose , a rab inose , x y l o s e , c e l l o b i o s e , maltose and g l u -
cose were found to be ve ry poor inducers as t he re was no increase 
in a c t i v i t y w i t h t ime . 
The p ro te in content was found to increase in f i r s t 12 t i rs 
w i t h xy l an and lactose as inducer and t he re was cons ide rab le d e -
crease a f te r t h a t , though l a te r on i t was almost found constant , 
as fa r as w i t h o ther i nduce rs , p ro te in concent ra t ion was seen as -
cending fo r 20 h rs and then over next 12 h r s t he re was a heavy 
dec l ine wh ich was l a te r almost constant . 
S. wedmorensis - Severa l carbon sources were tes ted to f i n d the 
best inducer , x y l an (1%) was recognized as the best inducer . 
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Other e f f e c t i v e inducers i n c l u d e d c e l l u l o s e , lac tose , D-glactose 
atid D-mannose (F ig .V \ ). Wi th D-arab inose, x y l o s e , mal tose, glucose 
sucrose and f ruc tose the xy lanase a c t i v i t y was at basal l e v e l and 
i t d i d not r i s e w i t h t ime . 
The p ro te i n content f o l l owed the same pa t te rn as that 
of S. f l avogr i seus w i t h x y l a n , ce l l u l ose , mannose, lactose and galac-
tose as i nduce rs , t he re was an i n i t i a l increase fo r f i r s t 12 h r s , 
wh ich decreased s l i g h t l y over next 8 h r s and t h i s remained cons-
tant upto 60 h r s , as f o r res t of the inducers p ro te i n content was 
found to bo almost constant 12 "hr onwards . 
(d) Optimal temperature for enzymatic hydro lys is 
The op t ima l tempera tu re in 30 min assay w i t h so lub le 
l a r ch xy l an as subs t ra te at pH 5 were 50 C and 40 C fo r S . f l a v o -
gr iseus and S. wedmorensis r e s p e c t i v e l y . 
(e) Optimal pH for enzymatic hydro lys is 
For de te rm ina l i on of pH range at wh i ch xy lanase i s a c t i v e , 
four d i f f e r e n t bu f fe rs were used cover ing the range between h-
8, xy lanase a c t i v i t y was assayed at 30 and 60 min i n t e r v a l s . 
5 . f l avog r i seus - At both t ime i n t e r v a l s , maximal a c t i v i t y was o b t -
ained at pH 6 though enzyme re ta ined 95% of i t s a c t i v i t y at phi 
7. There was a steep dec l ine in a c t i v i t y in a l k a l i n e s ide (pH 8 ) . 
S. wedmorensis - At bo th t ime i n t e r v a l s , maximal a c t i v i t y was 
obta ined at pH 7 but the enzyme re ta ined over 98% a c t i v i t y at 
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pH 8. rho onzymo reac t ion was c a r r i e d out in bu f fe r pH 7 and 
s i m i i a r in both the cases. 
( f ) Thermal inactivation of enzyme 
S. f l avogr i seus - The s t a b i i i t y of enzyme against t he rma l i nac t i va t i on 
is shown in F i g . \ . Exposure aL 30 C upto 48 h r s h a r d l y a f fec ied 
the enzyme, whereas at AO C, the ha l f l i f e was 24 h r s and at 
50 C the ha l f l i f e was f u r t h e r reduced to 2.5 h r s . 
S. wedmorensis - The s t a b i l i t y of enzyme against t he rma l i nac t i va t i on 
is shown in F i g . \^ . Samples of enzymes were pre incubated jit 
the temperatures i nd i ca ted in f i gu re . At Lhe g iven Lime i n t e r v a l , 
a l i quo ts were assayed fo r enzyme a c t i v i t y at 40 C for 30 min . 
Exposure at 40 C h a r d l y a f fec ted the enzyme a c t i v i t y even a f te r 
48 h r s . The enzyme had s ign i f i can t s t a b i l i t y at 50 C, 75-79% 
a c t i v i t y remained a f i e r 48 h r s of p re - i ncuba t i on at 50 C. Even 
at 60 C the ha l f l i f e was about 5 h r s . 
(g) Substrate stabi l izat ion 
S. f lavogr iseus - Cons iderab le subs t ra te s t a b i l i z a t i o n was observed 
at 50 C, in presence of subs t ra te the enzyme was d rama t i ca l l y 
more s t a b l e , ha l f l i f e was extended f rom 2.5 h r s to 7 h r s . A c t i -
v i t y l eve l s in the presence of subs t ra te were ca lcu la ted on the 
basis of reducing sugar re leased between adjacent t ime po in t s . 
S i m i l a r l y at 40 C the ha l f l i f e was increased front 24 
h r s to 40 h r s . For S. wedmorensis the ha l f l i f e of xy lanase was 
ex [ended from 5 l i r s to 9 h r s al. 60 C. 
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(h ) Inhibi t ion by cations, chelators and detergent 
V a r i o u s d i v a l e n t c a t i o n s , m e t a l c h e l a t o r s and d e t e r g e n t s 
w e r e a d d e d to s t a n d a r d x y l a n a s e a s s a y t o o b s e r v e t h e i r e f f e c t 
on t h e x y l a n o l y t i c a c t i v i t y o f s t r a i n s u p e r n a t a n t . I t was o b s e r v e d 
t h a t S . f l a v o g r i s e u s t h e e n z y m e a c t i v i t y was i n h i b i t e d s i g n i f i c a n l 1 y 
2+ 
b y 200 um o f Hg , h o w e v e r , t h e r e was no i n h i b i t i o n b y 20 um 
w h e r e a s w i t h 200 um t h e r e was t o t a l l o s s o f a c t i v i t y , o t h e r c a t i o n s 
at t h e c o n c e n t r a t i o n o f 200 um s h o w e d no s i g n i f i c a n t i n h i b i t o r y 
e f f e c t . I h e r e was o v e r a l l l a c k o f i n h i b i t i o n b y t h e s e m e t a l s e x c e p t 
at voi"> h i g h c o n c e n t r a t i o n s . 
W i t h EDTA no i n h i b i t i o n was o b s e r v e d a t 1 mM c o n c e n t r a t i o n 
w h e r e a s 50 mM and 100 mM r e s u l t e d i n o n l y 5% and 12% i n h i b i t i o n 
r e s p e c t i v e l y . 
W i t h d e t e r g e n t s i . e . SDS and T r i t o n X - 1 0 0 a t a c o n c e n t r a t i o n 
o f 1% t h e r e was c o n s i d e r a b l e i n h i b i t i o n . 
S. w e d m o r e n s i s x y l a n a s e was c o m p a r a t i v e l y f o u n d to be 
2+ 
m o r e s t u r d y as w i t h 20 um o f Hg t h e r e was no i n h i b i t i o n b i j t 
200 um t h e r e was 85% i n h i b i t i o n w h i c h i s 10% l e s s t h a n S. I j a v o g r i s e u s 
+2 +2 +9 
and s i m i l a r l y f o r Ca , Mg a n d Ag a t c o n c e n t r a t i o n o f 200 
um t h e r e was no s i g n i f i c a n t i n h i b i t o r y e f f e c t . 
( i ) P roduct ion i n h i b i t i o n 
S. f l avogr i seus - I n h i b i t i o n of xy lanase by a d d i t i o n of xy l ose was 
s tud ied by adding v a r y i n g concentrat ions of xy l ose in ZCM + xy lan 
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(0.5/&) p l a t e s . T h e s t r a i n s w e r e g r o w n on t h e m , i t was p o s s i b l e 
to assess r a p i d l y not o n l y t h e d e g r e e o f c a t a b o l i c r e p r e s s i o n of 
x y l a n a s e p r o d u c t i o n b y x y l o s e b u t a l s o i n s e m i q u a n t i t a t i v e way 
t h e amount o f e n z y m e s p r o d u c e d . x y l o s e was a d d e d a t v a r y i n g c o n -
c e n t r a t i o n ( 0 - 2 . 5 % ) . T h i s v a r i a t i o n a l l o w e d t h e d e t e c t i o n s o f x y l o s e 
c o n c e n t r a t i o n a t w h i c h c a t a b o l i t e r e p r e s s i o n o c c u r r e d . T h e p e t r i -
p l a t e s w e r e i n c u b a t e d a t 30 C f o r 3 -12 d a y s and e x a m i n e d r e g u l a r l y 
f o r zone c l e a r i n g a r o u n d t h e c o l o n y . 
ZCM t X y l o s e (0 .1%) — no c J o n r i n y 
ZCM + X y l o s e (0 .5%) + X y l a n (0 .5%) — l a r g e zone o l c l e a r i n g 
ZCM + X y l o s e (1%) + X y l a n (0 .5%) — zone of c l e a r i n g h a l f o f t h e 
a b o v e 
ZCM 4 X y l o s e (2.5%) + X y l a n (0 .5%) — no zone o f c l e a r i n g 
ZCM + G lucose — no c l e a r i n g 
ZCM + G lucose (1%) + X y l a n (0 .5%) — n a r r o w zone o f c l e a r i n g 
ZCM + G lucose (2 .5%) + X y l a n (0 .5%) — v e r y n a r r w o zone o f c l e a r i n g 
S. w e d m o r e n s i s x y l a n a s e a c t i v i t y was c h a r a c t e r i z e d on p o l y -
a c r y l a m i d e g e l ( F i g . J. ) d i s t i n c t e n d o x y l a n a s e a c t i v i t y b a n d was 
d e t e c t e d i n c r u d e e n z y m e p r e p a r a t i o n o f S. w e d m o r e n s i s i n n o n -
d e n a t u r i n g p o l y a c r y l a m i d e g e l w h i c h i n d i c a t e s t h a t x y l a n d e g r a d i n g 
a c t i v i t y i n S. w e d m o r e n s i s i s t r u e x y l a n a s e a c t i v i t y . 
T h e a c t i v i t y was l o s t on b o i l i n g h e n c e e n z y m e c o u l d not 
be e l e c t r o p h o r e s e d i n SDS d e n a t u r i n g g e l and z y m o g r a m s t a i n i n g 
done to l o c a t e e n z y m e a c t i v i t y b a n d . 
Tab lo -1 






















I n h i b i t o r s Concentrat ions % I n h i b i t i o n 







SDS 0.1  iZ 
T r i t o n X-100 0 .1  42.5 
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T a b l e - i l 
t l f e c l o f c a t i o n s , c h e l a t i n g agen t s and d e t e r g e n t s S. w e d n i o r e i i s i s . 
I n l i i b i t o r s C o n c e n l r a L i o n s % i n h i b i t j on 
Hg^"*" 20 urn 0 
. 200 urn 85 
C u ^ ^ 200 um 0 
1 mM 18 
Ag^"^ 200 um 25 
My^" ' 10 inM 10 
LOT A 50 mM 0 
100 mM 5 
SDS 0 . 1 % 2 7 . 4 
T r i t o n X - 1 0 0 0 . 1 % 13.2 
Fig . I Detection of endoxylanase ac t i v i t y in Streptomyces 
wedmorensis on zone clearing medium containing xylan 
[0.5%] after staining wi th Congo re( 

F i g . I I SDS p o l y a c r y l a m i d e gel e lecLrophoros is of c rude endo-
xylanasG p repa ra t i on from Sl reptomyces wedmorens is . 
lane (1) Coomassie b lue s ta in ing 
lane (2) Zymogram s ta in ing 
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Fig. n Induction of xylanase ac t i v i t y during growth on xylan L • ] , 
Lactose [ • ] , Mannose [^ ] , Galactose [ o] and cellulose [ o J 
in S. wedmorensis. 
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m Influence of pH 7 [ o ] and pH 8 [ • ] on S. wedmorensis xylanase 
ac t i v i t y . 
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Xylanase ac t i v i t y has ear l ier been characterized in detai l 
from several Streptomyces stra in (Ishaque and Kluefel, 1982; Marui 
et a l . , 1985; Kluepfel et^  al^., 1986), whi le screening a variety 
of streptomyces for xy lanolyt ic ac t i v i t y by a previously described 
method (Daigneault-Sylvestre and Kluepfel , 1979). The strains 
were selected on the basis of higher magnitude of zone of clearing 
on agar xylan medium. S.wedmorensis and S.flavogriseus produced 
clearing around the colonies, th is indicated the synthesis of ex t ra-
cel lular xylanase and led to fur ther investigation of strains. 
When the cultures of mesophilic streptomyces strains were 
grown on ERM containing xylan (1%) in shake f lasks, i l producod 
considerable amounts of extracel lu lar xylanase. The exlracoUulur 
proteins and xylanases were closely related and proport ional , the 
growth was rapid reaching i ts maximum in 48 h rs , the optimal 
growth temperature was found to be 30 C though the strains were 
able to grow at 37 C. In terms of enzyme uni t , S.flavogriseus 
produced 45 I .U. after 48 hrs and S. wedmorensis produced 35 I .U. 
after 72 h rs , maximum yields of xylanase upto 200 I .U. by a bas l -
diomycete Sclerotium r o l f s i i have been reported by Sadana et^ aJL^. 
(1980). These values were obtained from 14 day old cultures. 
Thus the 45 I .U. and 35 I .U. of xylanase ac t i v i t y produced in 
f i l t ra tes of S.flavogriseus and S. wedmorensis after two and three 
days of incubation compare favourably wi th Sclerotium r o l f s i i . 
The comparison of xylanase production at di f ferent temper-
atures v iz . 30 C and 37 C in S. wedmorensis is presented in Fig. 
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Maxiniuni xylanase production wus oblained al 30 C aTter 72 hrs 
and at 37 C after 56 h rs . Xylanase production in S. wedmorensis 
followed patterns that were c lear ly di f ferent than those reported 
previously for S.flavogriseus (Ishaque and Kluepfel , 1980) where 
maximum enzyme synthesis was observed at 30 C. S. wedmorensis 
had a wider temperature range than that of s t r i c t mesophile 
S. f lavogriseus. 
The specif ic ac t i v i t y for xyianases of S.flavogriseus and 
5. wedmorensis was found to be 27.5 I .U. per mg of protein and 
29 I .U. per mg of protein which are comparable with results 
obtained from S. l iv idans and S.flavogriseus (Marui , 1986; Kluepfel, 
1982). 
Xylanase ac t i v i t y was localized in both the strains and 
found extracel lu lar in nature. Approximately 80% ac t i v i t y was 
released into the medium, int racel lu lar xylanase levels were very 
low compared with extracel lu lar ac t i v i t y . 
Both strains produced fi 1,4 endoxylanase and xylosidase 
only when grown in presence of xy lan, the necessity of xylan as 
inducer is evident. The inducible nature of the two strains under 
study is in agreement wi th ear l ier reports on xyianases (Gascoigne 
and Gascoigne, 1960; King and Ful ler , 1968; Howard £t £l_. , 1960). 
This fact cotrasts wi th some reports concerning fb -D-xylanases in 
eukaryotic microorganisms. Noto.ria et^ al^. (1976 and 1979) demons-
trated the consti tut ive nature of these enzymes in Cryptococcus 
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albidus var aereus, enzyme is synthesized even in presence of 
glucose as sole carbon source. 
The extracel lu lar xylanase ac t i v i t y was obtained 1rom culture 
f i l t ra tes of S.flavogriseus and S. wedmorensis grown on dif ferent 
substrates. Both S. wedmorensis and S.flavogriseus exh ib i t versa-
t i l i t y in u t i l i z ing di f ferent carbon sources as inducers of xylanase. 
For 5. f lavogriseus xylan and lactose were found to be the most 
effective inducers, mannose and galactose also induced act iv i ty 
but to lower extent, on avicel as substrate, the enzyme production 
was minimal for f i r s t 48 h rs , then the ac t i v i t y increased during 
next Ik hrs to about 5 l .U . and level led oft thereafter, however, 
when xylan served as carbon source considerably higher xylanase 
ac t iv i ty was obtained reaching 45 l .U . in 48 h rs . Glycerol , suc-
rose, fructose, arabinose, xylose, cel lobiose, maltose and glucose 
were found to be poor inducers. Mannose and galactose also induced 
xylanolyt ic ac t i v i t y which is logical as D-mannose and D-galacto 
pyranosyl residues are often found in varying amounts along with 
acetate and uronic acid residues in xylan (Timet, 1967). 
In 5.wedmorensis, xylan (1%) was recognised as best inducer 
thus showing clear ly an inductive effect of xylan on i ts hydro ly t i c 
enzyme, other effect ive inducers included lactose, galactose and 
mannose whereas wi th D-arabinose, xy lose, maltose and glucose 
ac t i v i t y was at basal level and i t d id not increase wi th t ime. 
The fact that xylan is the best carbohydrate for /3 -D-
xylanases induction is in agreement wi th the results published 
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by Nakan ish i (1976) on y3 - D - x y i a n a s e syn thes i s by Streptomyces 
sp . The xy lanases produced by these s t r a i n s a re comparab le w i t h 
those desc r i bed in l i t e r a t u r e . T h e i r pH values f o r maximum ca ta -
l y t i c a c t i v i t y are d e s c r i b e d in the range of neu t ra l or s l i g h t l y 
l owe r , whereas fo r S. wedmorens is , maximum xy lanase a c L i v i l y was 
e x h i b i t e d at pH 7 and xy lanase was s tab le at a l k a l i n e pH. The 
crude enzyme degraded x y l a n at pH 8 and pH 7 w i t h almost p a r a l l e l 
r a t e . High xy lanase a c t i v i t y at pH 8 i s of d i s t i n c t advantage 
as maximum l i gn i n loss occurs over a w ide range of i n i t i a l pH 
values (7.2 to 8.8) w i t h ac t inomycetes . A lso the a l k a l i n e xylanases 
are expected to a t tack x y l a n more r e a d i l y s ince x y l a n i s so lub le 
in a l k a l i n e so lu t ion but i nso lub le in wa te r . A l k a l i n e xy lanases 
from Bac i l l us s p . have been r e p o r t e d (Honda et^ aj^. , 1985). In 
case of S . f l a v o g r i s e u s , the op t ima l pH fo r xy lanase a c t i v i t y was 
6, whereas in a l k a l i n e s i de t he re was heavy dec l ine in a c t i v i t y . 
Stable xy lanases w i t h broad pH range shou ld f a c i l i t a t e use of x y l an 
as raw m a t e r i a l . 
The St reptomycete xy lanases have r e l a t i v e l y h igh t he rmo-
s t a b i l i t y l i k e those of o ther bac te r i a such as Bac i l l us w h i l e the 
tempera ture opt ima i s s i m i l a r to tha t of fungal xy lanases (Hagerdahl 
et a l . , 1978). S. wedmorensis xy lanase has another s t i k i n g feature 
of s t a b i l i t y at h i g h e r t empera tu re . The enzyme was s tab le at 
50°C fo r more than 48 h r s re ta in ing 75-79% a c t i v i t y . At 60"c 
the c rude enzyme had h a l f l i f e of 5 h r s w h i c h i s much h ighe r 
than repo r ted in l i t e r a t u r e so f a r , whereas f o r S . f l avogr i seus at 
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40 C i ts half l i f e is 24 hrs and th is time was shortened consider-
ably to 2.5 hrs at 50°C. 
However, as reported for ce l lu lo ly t i c enzyme (Ishaque 
and Kluepfel, 1980), the xylanases of S. wedmorensis as well as 
S.flavogriseus are considerably more stable in presence of sub-
strate. In S.f lavogriseus, presence of substrate was found to extend 
the half l i f e of enzyme from 2.5 to 7 hrs at 50 C. S imi la r ly , 
at 40 C the half l i f e was increased from 24 hrs to 40 hrs . In 
S.wedmorensis, at 60 C the half l i f e was extended from 5 to 9 
hrs . 
Km value for S.flavogriseus was found to be 0.75 mg/ml 
which is comparable wi th S. l iv idans km 0.60 mg/ml. Km value 
is low compared to fungal and yeast xylanases which range from 
4-20 mg of xylan per ml . S.wedmorensis has higher a f f in i ty for 
substrate Km is calculated to be 0.60 mg/ml. 
A l l the divalent cations added to standard xylanase assay 
in 5. wedmorensis and S.f lavogriseus, substantial inh ib i t ion occurred 
2+ 
with addit ion of 200 uM of Hg whereas moderate inh ib i t ion occured 
with 200 um Ag , other cations i .e . Cu and Mg only caused 
substantial inh ib i t ion when present in concentrations of 10 or 100 
mM. The overal l lack of inh ib i t ion of xylanase degrading ac t i v i t y 
by these metals except at very high concentrations indicates that 
metal precipi tat ion technique could possibly be used to help pur i fy 
th is ac t i v i t y . The addit ion of 50 mM and 100 mM EDTA to the 
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assay resu l ted in only 5% and 12% i n h i b i t i o n in S . f l avogr i seus and 
O'l) and 5'/^  i n h i b i t i o n in S. wedmorensis sugyest ing tha t these compounds 
were not che la t ing cat ions r e q u i r e d by xy lanase . 
The S. wedmorensis xy lanase a c t i v i t y was cha rac te r i zed 
on p o l y a c r y l a m i d e gel ( F i g . ^ ) d i s t i n c t endoxylanase a c t i v i t y band 
was detected in c rude enzyme p repa ra t i on of S.wedmorensis in non-
denatur ing p o l y a c r y l a m i d e g e l , wh i ch ind ica tes tha t x y l a n degrad ing 
a c t i v i t y of S.wedmorensis i s t r ue xy lanase a c t i v i t y . 
fhe a c t i v i t y was los t in b o i l i n g hence enzyme a c t i v i t y 
band could not be detected in SDS denatur ing g e l . 
S . f l avogr i seus ( Ishaque and K l u e p f e l , 1982) when grown 
on x y l a n induces bot t i xy lanase and ce l lu lase enzymes. T h i s seems 
to i nd i ca te tha t pa r t s of xy lanase gene exe r t some con t ro l on the 
express ion of ce l lu lase gene. ' 
The product i n h i b i t i o n demonstrated by S . f l avogr i seus on 
add ing xy l ose or glucose in medium conta in ing x y l a n po in ts towards 
a regu la to ry mechanism in w h i c h bes ides the necess i ty of i nducer , 
xy l ose and glucose are a lso a f f ec t i ng the syn thes i s o f / 3 i - D - x y l a n a s e . 
The quest ion whether or not the e f fec t i s due to ca tabo l i c rep ress ion 
can be answered only by s tudy ing e f fec t of cAMP in glucose growing 
s t r a i n . 
These microorganisms can be suggested as a model f o r s t u d y -
ing the syn thes is and regu la t ion of x y l a n h y d r o l y t i c enzyme when 
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using a var iety of inducers and also for studying in a comparative 
way the difference and convergence between prokaryot ic and euko-
ryat ic microorganisms in relat ion to u t i l i za t ion of complex po ly-
saccharides. 
These strains can be a choice organisms for ut i l izat ion 
of xylan in native form which streptomyces are known to u t i l i ze 
as they produce cellulases, hemicelluiases and l ignoly t ic enzymes 
(Crawfod, 1981; Kluepfel and Ishaque, 1982) which are a l l essential 
for the complete degradation of- l ignocellulose biomass. From our 
studies i t appears that S.wedmorensls w i l l be a better choice as 
xylanase from th is strain in crude form was f a i r l y stable at 50 C 
and alkal ine pH 8. Stable xylanases wi th broad pH range should 
fac i l i ta te the use of xylan as raw mater ia l , hence the strain should 
serve as a good candidate for gene manipulation. 
With the advent of recombinant DNA technology i t has 
been possible to isolate and clone the genes for specif ic enzymes 
in multicopy vector thereby giving a gene dosage effect. For th is 
we ult imately need a gene coding for xylanase which is sturdy 
enough to bear the rigorous conditions of fermentor i .e . extremes 
of pH and temperature. For th is purpose S. wedmorensls would 
par t icu lar ly serve as good donor strain or manipulations could be 
made in strain i tse l f as cloning vectors for streptomyces are ava i l -
able. 
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